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Abstract: In this paper we consider system identificationirofation channels. The
results in this paper extend previous work in several ingraraspects. Both undershot
and overshot gates are treated, and the overshot gatesteopm@der both free and
submerged flow. The models are estimated and validated aatap®l data from the
Coleambally Main Channel in Australia, and the obtainedesysidentification models
are very accurate, being able to predict the real water ek than 12 hours ahead
of time. Moreover, the system identification models are cataonally inexpensive and
ideally suited for control design. The results show thatesysidentification and control
have important parts to play in management of water reseu@apyright®2005 IFAC
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1. INTRODUCTION In order to design a good control system, a model
which gives an accurate description of the relevant
Water is a scarce resource in many parts of the worlddynamics is needed. Traditionally the St. Venant equa-
today, and management of the water resources has betions have been used for modelling of irrigation chan-
come an important issue. The water losses in irrigationnels, e.g. Chaudry (1993). These equations are hyper-
channels are large, but it is recognised that they can bebolic partial differential equations which are compu-
substantially reduced by employing improved control tationally expensive for simulation purposes, and they
systems. The flows and water levels in an irrigation are not easy to use for control design, although it is
channel are regulated by gates located along the changuite possible to use them as a starting point for con-
nel, and control of open water channels is an active trol design as illustrated in the previously cited papers.
research area, see e.g. de Halleux et. al. (2003), LiRecently (Weyer (2001), Ooi and Weyer (2001)) sys-
et. al. (2004), Litrico et. al. (2003), Malaterre (1998), tem identification models have become popular. These
Schurmans et al (1999), Weyer (2002,2003). models are simple, and they can be used in simulations
at low computational cost. Since system identification
models are build directly from observed data, they
1 This research was carried out when K. &uwisited the Depart-  accurately reflect the real behaviour of the irrigation
r’\r/lmerbt of Electrical and Electronic Engineering, The Univgrsif channels. Moreover, they are easy to use for control
2 ?I'hic;ugzearch has been supported by the Cooperative Rbsearcdes.lg.n’ a_nd many currently Operatlng,comml S,ySIems
Centre for Sensor Signal and Information Processing (CSSI&r for irrigation channels have been designed using sys-

the Cooperative Research Centre scheme funded by The Commontem identification models (Weyer (2002,2003)).
wealth Government
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System identification of irrigation channels equipped )
with overshot gates in free flow (see Section 2) was Fig- 3. Undershot gate in submerged flay. - up-

treated in Weyer (2001). A limitation of system iden- stream water leveh,, - upstream head over gate,
tification models is that they are only confirmed valid p - gate positionhq - downstream head over gate,
for the type of gates and operational conditions for ya - downstream water level.

which there are available data. The system identifi-

cation models developed in this paper are similar to Table 1. Pool lengths at the CMC

those in Weyer (2001), but they have been modified poo Horticultureto  Coly3to  Morundah to

to take the gate types and the flow conditions into Coly 3 Morundah Grants
account. The experimental results presented show that Length (km) 2.83 6.53 5.37
system identification models captures the relevant dy-

namics of a broad range of irrigation channels and 2. PRIOR INFORMATION

operational conditions. The major extensions from

Weyer (2001) are as follows The data presented in this paper is from the Coleam-

bally Main Channel (CMC) in New South Wales, Aus-
tralia. A top view of the part of the channel considered
in this paper is given in Figure 2. In the CMC both
undershot and overshot gates are used for control. At
the sites Horticulture and Grants there are four identi-
cal undershot gates across the channel, and at Coly 3
and Morundah there are six identical overshot gates
across the channel. Schematic figures of undershot
. and overshot gates are shown in Figures 3 and 4. At
e The current channel is much larger than the one .

. each site we have measurements of the upstream and

in Weyer (2001). )

downstream water levels and of the four or six gate

The outline of this paper follows the system identifica- positions. The stretch of the channel between two sites
tion procedure (e.g. Ljung (1999) olb8erstdm and are referred to as a pool. The channeRis to 3m
Stoica (1988)) in Figure 1. In the next section we give deep an@7m wide, and maximum flow is about 3000
a description of the Coleambally Main Channel where ML/day (34m?/sec). The pool lengths are given in
we carried out the experiments, and we present thetable 1.
prior information used to derive the model structure.
In the following sections we consider experiment de-
sign, model structure selection, parameter estimationSince there is no pumping, the offtakes of water to
and model validation before we finish with a discus- farms and secondary channels are relying on gravity. It
sion and conclusion. This work is part of an ongoing is therefore important to control the water levels. For
research project between the University of Melbourne this reason we seek models with the water levels as
and Rubicon Systems Australia on modelling and con- the output signals and the gate positions as the input
trol of irrigation channels. signals.

e The irrigation channel in this paper is equipped
with both overshot and undershot gates.

e During the experiment the overshot gates were in
both free and submerged flow.

e There are four or six gates across the channel
at each regulator point. The gates have different
gate positions which means that the flow over or
under each gate is different.



coefficient. The formulas are equal whep = 0, and
to simplify the presentation we redefihg

hd(t) if hd(t) >0
hq(t) =
alt) {0 otherwise

such that we can work with formula (3) only.

Yu
Yd For an undershot gate we have that (Bos (1978))

Qus(t) = ep(t)Vyu(t) — ya(?)

) . where p is the gate openingy,(¢t) and yq(t), the
Fig. 4. Overshot gate in free flow (left) and submerged \hsiream and downstream water levels as sketched in

flow (right). The variable names are as for the Figyre 3, and: is as before a proportionality constant.
undershot gate in Figure 3.

Making the further assumptions in (1) that a) the
volume of the pool is proportional to the downstream
water level, and b) the flow over or under each gate can
be added to obtain the total flow at a site, we arrive at
the following model structure

QZ,u(t) =

c1 Zpu(t — T)\/yl,u(t —7)—yralt—7)

6 , h -d(t) 3/2 0.385
Y2.d +e Y B2 () [1- < 20 )
2; 2,1,u( ) ( h2,i7u(t)

where we have incorporated a time defaip account

for the time it takes between a flow passes the gate

Fig. 5. Side view of the pool between Horticulture (up- at the upstream end of the pool and the effect is seen
stream undershot gates) and Coly 3 (downstreamat the downstream end. Subscriptepresents gate
overshot gates). number. The variable names are explained in Figure 5.

Using a simple Euler approximation for the derivative,

we arrive at the discrete time model
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Consider the pool between Horticulture and Coly 3. A
schematic side view of this pool is shown in Figure 5
(only one gate is shown at each site). As a starting Y2t +1) =y2u(t)+

point for deriving a model structure we consider a 4
mass balance 1> prilt— T)\/?h,u(t —7) —yralt —7)+
. i=1
V(t) = Qun(t) — Qout(t) 1) 6 3/2\ 0385
: _ _ oS n2m (1- ha,ia(t) @
where V' is the volume of water in the pools, is 2 2,;i,u hoiu(t)
i=1 b

the flow under the gates at Horticulture and, ignoring

offtakes to farms and secondary channéls,; is the This model contains three unknown parametess:
flow over the gates at Coly 3. andc, associated with the in- and outflow respectively

) and the time delay.
In the literature (e.g. Bos (1978)) the flow over an
overshot gate in free flow (the top of the gate is As a convention, subscript 1 is used for the variables

above the downstream water level, see Figure 4) is(gate positions, water levels etc.) at the upstream end
approximated by of a pool and subscript 2 for the variables at the

downstream end of the pool.
Qos £ (t) = Chﬁm (t) (2 .

Using the same approach for the Morundah-Grants
while in submerged flow (Webber (1971)), a correc- pool where there are six overshot gates at the upstream
tion factor (1 — (ha(t)/hu(t))*/?)°3%5 is used to ob-  end and four undershot gates at the downstream end,
tain we obtain the model structure.

/o 0385 . e
Quss(t) = ch¥/2(1) <1<hd(t)>3 ) @ ettt

0.385
"t & ihw (t—7) (1 - (_hlﬂud(t - T)>3/2>
1,%,u i .
In (2) and (3)h, is the upstream head over gate &nd =1 hiin(t—7)

the downstream head over gate as shown in Figure 4. 4

c is a proportionality constant which incorporates the + c2 sz,i(t) Yo,u(t) — y2,a(t)

geometric dimensions of the gates and the discharge i=1




Data from Horticulture. Day 1
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Fig. 6. Data from Horticulture. Day 1. 0.65m has
been subtracted from the upstream water level
and 0.2m from the downstream level.

3. EXPERIMENTS

For the experiments we were allowed to operate the

two middle gates at each site. The other gates were in

fixed positions. In order to get informative data we let
the gates alternate between two positions following a
binary signal. Based on step tests (&u2004)) and
experience with other channels (Weyer (2001)) we let
the gate positions be constant in intervals which were
multiple of 30 minutes for the pool Horticulture-Coly

3 and multiples of 60 minutes for the pool Morundah-
Grants. The difference between the two gate positions
were in the rang®.2 m to 0.3 m. The variations in
gate positions were limited by operational constraints
since the channel was fully operational when the ex-
periments were carried out. The flows during the ex-
periments were in the range 1200 ML/day to 2000ML/
day (14m3/sec to 23m?/sec). The offtakes to farms

and secondary channels were small compared to the

flow in the main channel, and they were therefore
ignored.

The experiments were carried out over two days, each
of them giving about 12 hours worth of data. The
data were regular sampled at two minutes intervals,
and the data for the first day for the Horticulture-Coly
3 pool are shown in Figures 6 and 7. In order to fit
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Fig. 7. Data from Coly 3. Day 1. 0.6m has been

subtracted from the upstream water level.
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Fig. 8. Data from Morundah. Day 1. 0.85m has been
subtracted from the upstream water level and
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Fig. 9. Data from Grants. Day 1. 0.9m has been

all graphs onto the same figure we have subtracted
a constant value from the upstream and downstream
water levels. Note that in Figure 7 the flow over the a model structure is that it can be used to define pre-
two middle overshot gates varies between free flow dictors. Here we have used a simulation model type
(the gate positions are above the downstream watermredictor, i.e.

level) and submerged flow (the gate positions are be-
low the downstream water level). The measurements
are relative to a site specific reference level, and they
do not represent the actual water depth. The data for
the first day for the Morundah-Grants pool are shown
in Figure 810 9.

subtracted from the upstream water level.

y2,u(t + 1) = QQ,u(t)'i_

4
c1 Zpu(t - T)\/yl,u(t —7)—yalt —7)+
i=1

0.385
haia(t

) 3/2
o1 (f)

j3/2
2,i,u t

2,i,u (5)

6
2
i=1

wherehs ; w(t) = f2.u(t) — pa.s(t), see Figure 4. In
(5) the previously predicted value of the water level
The natural choice of a model structure for the g, ,(¢) is used when the predicted value at time 1
Horticulture-Coly 3 pool is (4). From a system iden- is calculated. The reason for using this type of predic-
tification point of view the most important aspect of tor instead of one which utilises the measured value

4. MODEL STRUCTURE SELECTION



at time ¢, is that the resulting model will generally
have a better long range predictive capability and give
a better representation of the slow to medium range
dynamics of the system which are important for con-
trol and simulations. This difference is similar to the
difference between ARX and OE models in the linear
case.

From a simulation point of view (5) is not entirely
satisfactory since it depends on the water leyel(t—

7) downstream of the upstream gate. This water level
is internal to the pool and should be incorporated in the
model. In order to model this water level we followed
the same approach as fgg ., apart from that the
time delay is now associated with the flow over the
downstream gate. This lead to the following predictors
for the two water levels

Z}Q,u(t + 17 9) = @lu(t 0)"’

c1 Zpl,i(t - T)\/yl,u(t —7) = Jralt —7,0)+

i 1

0.385
C2 Z h2 i, u ( 723/12 (t7 9)) (6)
i, d(t+ 1,0) = g1,a(t,0)+
CSZplz \/ylu = Jra(t,0)+ @)
0.385
i Zhi/fu t—7.0) (1=t -70))

where we have introduced the variable; (¢, 0)

hh“i?ifg) andd = [c1, ca, c3, c4]T are the unknown

parameters to be estimated together with the time
delayr.

For the Morundah-Grants pool the following predic-
tors were obtained from the same considerations

:Qzu( +1,0) = go,u(t,0)+ (8)
c1 Zh“u t—7) ( f:f/f(t—T,Q))O.gss
+ 02> PO fnlt. ) —yal®)
=1
@1d( +1,0) = g1,a(t,0)+ 9

3/2
17u

0.385
)

03Zh (

C4 sz,z'(t - T)\/Qz,u(t —7,0) —y2.a(t — 7)
1=1
whereh, ; 4(t,0) = 1.a(t,0)—p1.i(t) andry ;(t, 0) =

hii.a(t,0)
hiia(t) *

5. PARAMETER ESTIMATION

The data from day 1 were used for estimation while
the data from day 2 were used for validation. The

Table 2. Parameter estimates)3)

Pool 7 (samples) é1 é2 é3 ¢4
H-C 5 1054 -6.61 881 -556
M-G 10 358 -592 319 -525

Table 3. Average squared prediction errors.

Pool  Va(f) Est  Vi(d) val
H-C 5.57-10° 7.32-107°
M-G 1.53-10=% 1.07-10~*
parameterd = [c, ca, c3, c4)T were estimated for a

number of time delays using the squared prediction
error criterion

N
~ 1 . 2
0- = argmin > (Wau(t) = G2.u(t,0))

o (al) — dr.a(t,6))?

where y, ,(t) and y;,q4(¢t) are the measured water
levels andyj. (¢, 6) andg, q(t, §) are the water levels
predicted according to (6) and (7) for he Horticulture-
Coly 3 pool and according to (8) and (9) for the
Morundah-Grants pool. The number of data points
were N = 286. The results are shown in Table 2.

6. MODEL VALIDATION AND DISCUSSION

We notice that the parameter estimatgsandés are
positive while the estimates, and é, are negative.
This is as expected sineg andcz are associated with
in-flows andcy andcy with out-flows. Moreover, the
time delay for Morundah-Grants is twice as large as
for Horticulture-Coly 3 which is again expected since
the pool Morundah-Grants is about twice as long as
the pool Horticulture-Coly 3.

The obtained models were validated on the data sets
from day 2. The average squared prediction errors

N

Z(yQ,u(t) - g2,u(t7 é))Q

t=1

1

Va(6) N

are shown in Table 3. The values are similar for the
estimation and the validation set and indicates that the
models capture the inherent features of the systems.

The models were simulated against the validation data
from day 2, and the results are shown in Figures 10
and 11. The results are excellent. The models/far

(the upstream water levels of the downstream gates in
the pools) follow the actual water levels closely for
more than 12 hours, that is, for the whole duration
of the validation sety, ,, is the most important water
level in a pool and the one we want to control since
most offtakes to farms and secondary channels are
located near the downstream gates. Note that these
are simulations, and the models only had access to the
initial water levels in the pools.
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