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Abstract. Sensor fusion technique has been commonly used for improving the navigation of  
autonomous agricultural vehicles by means of combining complimentary sensors mounted on such 
vehicles for the position and attitude angle measurements. In this research, sensor fusion via an 
Extended Kalman Filter (EKF) was used to integrate the attitude angle estimates from the Digital 
Elevation Models (DEMs) and Terrain Compensation Module (TCM) sensor to improve the roll and 
pitch angle measurements of a self propelled sprayer. The fusion algorithm was also developed to 
improve the three-dimensional positioning of the sprayer, in particular the elevation measurements of 
a GPS receiver mounted on the sprayer. Vehicle attitude and field elevation were measured at two 
speeds, 5.6 km/h and 9.6 km/h, using a set of onboard sensors including a real-time kinematic-
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differential GPS receiver (RTK-DGPS), a TCM sensor and an Inertial Measurement Unit (IMU). A 
second order auto-regressive (AR) model was developed to model the TCM roll and GPS-based 
pitch errors. The derived error states were incorporated into the EKF algorithm and the measurement 
noise covariance was estimated from the AR model, which limited the fine tuning of noise covariance 
to the process noise covariance only.  

The EKF estimations were compared with the IMU measurements to validate the performance of the 
developed fusion algorithm. For the slow speed test data, the mean and standard deviation of the 
errors of roll (Mean: -0.2244º, Std. Dev.:1.471º) and pitch (Mean: 0.0597º, Std. Dev.: 0.6621º) from 
the EKF estimates were reduced considerably compared to that of the errors of roll (Mean: 0.2157º, 
Std. Dev.: 2.4610º) and pitch (Mean: 0.0473º, Std. Dev.: 1.3230º) from DEM. Medium speed test 
data also showed considerable improvement in the attitude angles estimated using the developed 
EKF algorithm. The fusion algorithm for improving the elevation measurement of the GPS also 
showed promising results. Thus, the fusion algorithm was effective in improving attitude and the 
navigational accuracy of the self-propelled agricultural sprayer, which in turn will also facilitate the 
automatic control of the implements that interact with the soil surface on undulated topographic 
surfaces. 

 

Keywords: DEM, Roll, Pitch, Auto-regressive model, EKF. 
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Introduction 
Digital Elevation Models (DEMs) have been increasingly used to model the terrain surfaces for 
harboring the important physical information about the terrain field conditions. DEMs can be 
useful in determining the attributes of the terrain such as slope and aspect, drainage basins, 
watershed features of the terrain, peaks, pits and other landforms for hydrological modeling. 
GPS (Global Positioning System) is one of the several developing technologies which are being 
commonly used to collect topographic data and create DEMs/ topographic maps (Yao and 
Clark, 2000; Colvocoresses, 1993). Clark and Lee (1998) found that among the stop-and-go 
and kinematic data collection using GPS, the kinematic receiver is more viable for a rapid 
development of the topography maps with high elevation accuracy. The single frequency GPS 
receiver provides reasonably accurate DEMs with elevation error of 10 to 12 cm for 10 or more 
passes of the data with the elevation bias as a major source of error (Yao and Clark, 2000).  

Westphalen et al. (2004) evaluated DEMs using two different methods (1) the elevation 
measurements only, (2) the combination of the elevation with vehicle attitude measurements. 
The elevation and vehicle attitude measurements were taken using a self-propelled agricultural 
sprayer equipped with four Real Time Kinematic-Differential GPS (RTK-DGPS) receivers and 
an inertial measurement unit (IMU). DEMs developed by combining the elevation with the 
vehicle attitude measurements had Root-Mean-Square-Error (RMSE) of 10 to 11 cm compared 
to the RMSE of 15 cm for DEMs developed by the elevation measurements alone.  

DEMs developed using the vehicle based measurements have been used by previous 
researchers to improve the vehicle navigation by means of the vehicle attitude estimates from 
DEMs. Elevation accuracy of the DEMs along with the other terrain variables is an important 
factor in estimating the roll and pitch of the vehicle. The attitude (roll and pitch) estimation of the 
vehicle from the previously generated DEMs can be useful for the vehicle localization 
improvement if their elevation errors can be reduced. Terrain Compensation Module (TCM) 
sensor (Deere & Co., Moline, IL) corrects the vehicle position based on the measured and 
corrected roll angles when the vehicle is working under the side slope conditions. One of the 
major problems with TCM sensor measurements is the high frequency noise associated with the 
roll measurements. In this scenario, an Extended Kalman Filter (EKF) can be useful to improve 
the roll and pitch estimates of a vehicle by fusing the attitude estimates from DEMs, roll 
measurements of the TCM sensor and GPS-based pitch estimates. The fusion algorithm is 
expected to improve the roll and pitch estimates by reducing the high frequency noise 
associated with TCM sensor as well as the elevation error in the DEMs. Therefore, the 
objectives of the presented research work were 

To develop and implement a sensor fusion technique to combine attitude estimates from the 
DEMs, TCM and GPS sensors to improve the attitude of the self-propelled sprayer.  

To improve the elevation measurement accuracy of the GPS receiver mounted on the self-
propelled sprayer using enhanced sprayer attitude.  

Instrumentation and Procedure 
Data was collected from the Kulver Farm field located west of Ames, IA using John Deere self-
propelled sprayer (model 4710, Deere & Co., Moline, IL). The field had total area of 0.55 acre 
(120 ft wide and 200 ft long).  An IMU (model VG600AA-201, Crossbow Technology Inc., San 
Jose, Cal.), an RTK-GPS receiver (StarFire RTK, Deere & Co., Moline, IL) and a TCM sensor 
were mounted on the sprayer. The TCM sensor was mounted on the front top of the sprayer 
along with the GPS receiver at a distance of 1.93 m from the center. Another RTK-GPS receiver 
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was mounted on the left side at 1.63 m from front side and 1.53 m from the center of the 
sprayer. The sprayer was operated at two speeds: 5.6 km/h, 9.6 km/h; and the data collection 
was done at a sampling frequency of 5 Hz. In order to avoid data clustering at just few angles 
and to obtain well distributed data across the entire field range, the field area was traversed (fig. 
1) at various orientations (e.g. along the slope, perpendicular to the slope and at 45º to the 
slope) so that the vehicle would experience a range of attitude angles during the data 
acquisition.  

Several potential sources of errors existed when estimating the sprayer attitude angles from the 
DEMs. First, it was found that, given the small field where the work was done, the sprayer 
sometimes left the region of the field for which there was valid measurement data support. 
Second, as the sprayer traveled over the field surface, it interacted with small scale variations, 
micro-topography, of the field surface which were probably not captured in the DEM. For 
example, a 10 cm difference in the micro-topography from one side of the sprayer to the other 
will result in at least a 3.9º roll angle. Third, the RTK-GPS had elevation measurement errors 
which were propagated into the DEMs. These errors would ultimately end up as errors in the 
attitude angle estimates from the DEMs. 

When TCM measured roll angles were regressed onto the IMU measured roll angles, for the 
data collected at 5.6 km/h, the slope of the regression line was 0.81, the y-intercept was 0.14 
and R2 was equal to 0.86. For the 9.6 km/h data, the regression line slope was 0.70, the y-
intercept was 0.58 and R2 equal to 0.58. There was a clear increase in the error in the TCM 
data, although based on the conversation with Deere engineers, the TCM signal is not a pure 
roll angle signal but a preprocessed signal which improves the vehicle steering response. The 
TCM sensor does not provide the pitch angle of the vehicle, so the pitch angle of the sprayer 
was estimated from a single RTK-GPS receiver 
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Figure 1: (a) Vehicle travel path of the Kulvar farm field at low speed test (5.6 km/h)  

 (b) Topographic map of the same field.  

mounted on the sprayer. These pitch angle estimates were noisy as the errors in the RTK-GPS 
measurements were propagated into the pitch angle calculations. 

In sensor fusion process, these error sources need to be taken into account and modeled by an 
appropriate error modeling technique to improve the performance of the EKF developed for the 
attitude angle estimation of the sprayer. The next section describes the modeling of the roll 
angle errors from the TCM sensor and the errors in pitch angle estimates by a single GPS 
receiver using an autoregressive (AR) error modeling technique.  

Autoregressive error model  

The AR modeling was an attempt to standardize the sensor noise so that it can be better 
described as a white Gaussian noise, an intrinsic assumption of the Kalman filter theory. In 
many cases when system noise covariance (Q) and measurement noise covariance (R) were 
not modeled, they have to be fine tuned for optimal Kalman state estimation (Bergeijk et al., 
1998; Kiriy and Buehler, 2002). The fine tuning of both Q and R is basically a trial-and-error 
process and can be difficult to employ especially when multiple sensor measurements and 
multiple state variables have to be incorporated into the Kalman filter design, which is often the 
case. Though it is difficult to compute the system noise covariance, the measurement noise 
covariance can be computed, as we acquire the measurements of the system using different 
onboard sensors. Sensor data could possibly have errors varying from measurement to 
measurement depending on the sensor characteristics throughout the experiment. In order to 
account the sensor measurement errors in the fusion process, the AR modeling technique was 
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applied in this research, which in return confers the zero mean white Gaussian noise as a 
measurement noise covariance R.  

The determination of an appropriate AR model involved a number of interrelated problems such 
as use of a suitable order selection criterion and estimating the coefficients of the AR model.  
Order selection criteria such as Final Prediction Error (FPE), Akaike Information Criterion (AIC), 
Bias Corrected AIC i.e. AICC, Schwarz’s Information Criterion (SIC), Bayesian Information 
Criterion (BIC), Minimal Descriptive Length (MDL), PHI Criteria, Haring (HAR) criterion and 
Jenkins and Watts (JEW) criterion are some of the most commonly used criterions for selecting 
the order and the coefficients of the sensor noise AR modeling (Djuric and Kay ,1993; Babu and 
Wang, 2004; Broersen, 2005). Liew (2004) found that FPE, AIC, SIC and BIC criteria perform 
considerably better in estimating the true autoregressive model order for small number of 
samples. For more understanding of AR model order selection criteria see Brockwell and Davis 
(1996). 

FPE criteria selects the AR order which minimizes the one-step mean squared error instead of 
considering the estimated white noise covariance minimization approach like AIC. AIC criterion 
overestimates the order of the model than FPE for the same given data series (Brockwell and 
Davis, 1996). Fitting a very high order model generally results in small white noise variance 
estimation. However, the mean squared error of the forecasted series depends not only on the 
white noise variance of the fitted model but also on errors arising from the estimation of the 
parameters of a model (Brockwell and Davis, 1996). Brockwell and Davis (1996) also suggested 
that for pure autoregressive models Burg’s algorithm usually gives higher likelihoods than the 
Yule-Walker equations. Therefore, in this research, Burg’s algorithm was used along with FPE 
order selection criterion to select the proper AR model order and the coefficients. The other AR 
order selection criteria stated earlier were also used to compute the order of the AR model form 
the slow speed TCM roll measurements. FPE, AIC and all other criteria reported above fitted 
second order on the modeled roll measurements of the slow speed data, whereas the JEW 
criterion calculated 5th order on the same data.  

These criteria were also used on medium speed TCM roll measurements and a single GPS 
pitch estimates for slow as well as medium speed datasets to calculate the order of the AR 
model. The estimates showed that the second order is the best choice of the AR model order for 
modeling the slow and medium speed datasets though in most cases JEW criterion estimated 
higher AR order compared to other criteria used in this work. The order obtained from FPE 
order selection criterion was then used to get AR model coefficients which were determined 
using Burg’s method. Kurtosis analysis of the original roll, pitch error and the residual error after 
AR modeling of the errors was done to observe the standard normal distribution of the errors. 
Original roll and pitch error distribution had positive Kurtosis-3 value meaning the error 
distribution was always peaked. The residual error after AR modeling of roll and pitch error had 
Kurtosis-3 value near zero, meaning the residual error distribution was normal with zero mean 
(figure 2).  
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Figure 2: Original TCM roll error and residual error distribution after AR model (Medium speed) 

Kalman Filter implementation  

The Kalman filter is an extremely effective and versatile procedure for combining noisy sensor 
outputs to estimate the state of a system with uncertain dynamics (Grewal et al., 2001). An 
extended Kalman Filter could be used to estimate the nonlinear dynamic system states that can 
only be observed indirectly or inaccurately by the system itself. State of the system is defined as 
the minimum information about the past and the present, needed to determine an optimal 
estimate of the future response using the future noisy measurements (Padulo and Arbib 1974; 
Wood and Radewan 1977).  

Kalman filter estimation of the states improves as the number of processed data 
points/measurements increases, so to get the quality state vector Wang (1998) used a 2-D 
kalman filter twice over the same noisy DEM data with different orientations to estimate the 
terrain variables from the DEM. He found that the above filtering approach reduced the standard 
deviation of the random noise from the DEMs by 70% for the elevation and 85% for the first 
partial derivatives of the elevation, compared with their original values. Guo et al. (2003) also 
developed a low-cost position-velocity-attitude (PVA) model based Kalman filter to provide 
accurate and robust vehicle positioning data for precision farming applications.  

In this research, the EKF algorithm was applied to improve the sprayer attitude angle estimates 
and also to improve the elevation estimates; the procedure of which is described in the following 
sub sections. In order to improve the quality of the estimation process, two way Kalman filtering 
was applied on the same datasets twice; first in the forward direction and second time in reverse 

Kurtosis = 2.9031 

Kurtosis = 5.1631
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direction; and the average of the estimated states were termed as the estimated states of our 
interest. 

Roll-pitch Kalman filter 

The roll and pitch angle estimates of the self-propelled sprayer from DEMs are fused with the 
roll measurements from the TCM and pitch estimates from the GPS. The system state vector 
used in this process is defined as: 

1 2 1 2, , , , ,
k k k k

T

k k k err err err errx φ θ φ φ θ θ =              (1) 

Where, ø, θ are the roll and pitch angles with roll error øerr1, øerr2, and pitch error θerr1, θerr2. 

The above states are represented by the following system function, f(x):  

1 2 1 2
( ) , , , , ,

err err err err

T
f x f f f f f fφ θ φ φ θ θ =              (2) 

Each system function is characterized by the kinematic equation (Eq. 3 to 8) for the roll and 
pitch angle estimates of the sprayer along with the error estimates from these angles using EKF 
algorithm.  

1 .k k kf Tφ φφ φ φ ε
•

+= = + ∆ +              (3) 

1 .k k kf Tθ θθ θ θ ε
•

+= = + ∆ +              (4) 

1 1, 1 1err kerr k errf Aφ φφ φ+= =              (5)  

2 12, 1 2err kerr k errf Aφ φφ φ
−+= =              (6) 

1 1, 1 1err kerr k errf Aθ θθ θ+= =              (7) 

2 12, 1 2err kerr k errf Aθ θθ θ
−+= =              (8) 

where,  

k+1, k and k-1 are future, present and previous time steps;  

∆T is sampling interval (s);  

φ
•

, θ
•

are the roll and pitch rates from the DEM;  

Aø1, Aø2, Aθ1, Aθ2 are the AR coefficients for the roll and pitch error estimation.  

εø, εθ are  the random white Gaussian noise for roll and pitch. 

The first order partial derivatives of the system function (Eq. 2) with respect to system state 
vector xk (Eq. 1) are represented as the system Jacobian matrix, Ak 
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            (9) 

The DEM estimated roll, pitch rates used in system kinematic equations (Eq. 3 and 4) are taken 

as the control inputs
T

ku φ θ =  
& & . The input Jacobian matrix (Bk) is then derived by taking 

partial derivatives of system function f(x) (Eq. 2) with respect to these inputs:   

0
0
0 0
0 0
0 0
0 0

k

k

x

T
T

B

∆ 
 ∆ 
 

=  
 
 
  
 

                    (10) 

The measurement vector (Eq. 11) consisted of the roll angle measurements from the TCM 
sensor and the pitch angles derived from a single GPS antenna mounted on the sprayer. The 
roll and pitch angle errors from these measurements were modeled using the AR modeling 
technique as discussed in the previous section. Errors as estimated by the EKF error states 
were then subtracted from the measurements before using these measurements to calculate 
the EKF estimates of the roll and pitch angles.  

1 2 1 2,
k k k k

T

k TCM err err GPS err errz φ φ φ θ θ θ = − − − −                  (11) 

The measurement Jacobian matrix (Hk) which relates the measurements (Eq. 11) with the 
system states of our interest (Eq. 1) is derived as below: 

1 0 1 1 0 0
0 1 0 0 1 1k

k

H
− − 

=  − − 
                  (12) 

Easting-Northing-Up (ENU) Kalman filter 

Though the prime objective of this research was to improve the attitude angles of the sprayer 
estimated by the DEMs and other complementary sensors using the sensor fusing technique, it 
was necessary to examine how the improved attitude affects on the elevation measurements of 
the GPS used to formulate DEMs and also on orientation of the sprayer. EKF state vector (Eq. 
13) used for this purpose consisted of the self-propelled sprayer position in Easting (PE), 
Northing (PN), Up (PU) directions and the sprayer heading (ψ) as the filter estimation 
parameters.  

, , ,, , ,
k

T

k E k N k U kx P P P ψ =                      (13) 

The above states are represented by following system function, f(x):  
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[ ]( ) ( ), ( ), ( ), ( ) T
E N Uf x f P f P f P f ψ=                    (14) 

Roll, pitch and yaw (RPY) angles specified the attitude of the sprayer in the vehicle coordinates 
i.e. RPY coordinates. The coordinate transformation matrix from RPY to East-North-Up (ENU) 
coordinates is as given below: 

sin cos cos cos sin sin sin sin cos cos sin sin
cos cos cos sin sin cos sin sin sin cos cos sin

sin sin cos cos cos

RPY
ENUC

ψ θ φ ψ φ ψ θ φ ψ φ ψ θ
ψ θ φ ψ φ ψ θ φ ψ φ ψ θ

θ φ θ φ θ

+ − + 
 = − + + 
 − − 

(15) 

The kinematic equations (Eq. 16 to 19) governing Easting, Northing, elevation and heading 
states of the sprayer (Eq. 13) were formulated using the above transformation matrix and 
represented in the system function (Eq. 14). 

, 1 , 11 21 31( ) . . . . . .RPY RPY RPY
E E k E k ENU x ENU y ENU z Ef P P P C v T C v T C v T ε+= = + ∆ + ∆ + ∆ +               (16) 

, 1 , 12 22 32( ) . . . . . .RPY RPY RPY
N N k N k ENU x ENU y ENU z Nf P P P C v T C v T C v T ε+= = + ∆ + ∆ + ∆ +              (17) 

, 1 , 13 23 33( ) . . . . . .RPY RPY RPY
U U k U k ENU x ENU y ENU z Uf P P P C v T C v T C v T ε+= = + ∆ + ∆ + ∆ +              (18) 

1( ) kk kf T ψψ ψ ψ ψ ε
•

+= = + ∆ +                   (19)  

 

In equations (16-19) vx, vy and vz are the self-propelled sprayer travel velocities in x, y and z 

direction, respectively and ψ
•

 is the yaw rate from the TCM sensor. Sprayer travel velocities, 
yaw rate, roll and pitch angle estimated by the roll-pitch EKF filter were taken as the inputs in 
this filter implementation.  

The GPS measurements were used in the measurement vector (Eq. 20), and were compared 
with prior states estimated by EKF to enhance the overall state estimation during the filtering 
process.  

, , ,, , ,
T

k E gps N gps U gps gps k
z P P P ψ =                     (20) 

 where, PE, gps , PN, gps PU, gps and ψ gps are Easting, Northing, Up and heading measurements of 
the sprayer from GPS receiver, respectively. The state, input and measurement Jacobian 
matrices were developed using the same process used for roll-pitch kalman filter as explained in 
the previous section. 

Results and Discussion 
The roll-pitch Kalman filter was implemented on the data collected at two speed levels, 5.6 km/h 
and 9.6 km/h, of the self-propelled sprayer. For each speed level, the DEM of the field was 
generated using RTK-GPS data. The latitude and longitude measurements from the RTK-GPS 
receiver were converted to the UTM coordinates. These UTM coordinates and the heading 
angle measurements from the GPS were then used to obtain the UTM coordinate positions of 
each of the four wheels of the self-propelled sprayer. The four wheel positions and the elevation 
of each wheel obtained from the DEM along with other static vehicle measurements were used 
to obtain the roll and pitch angles of the self-propelled sprayer. The DEM estimated roll and 
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pitch angles were then fused with the TCM sensor roll data and the pitch estimates from a 
single GPS receiver. The second order AR model was used to model the roll measurements 
from the TCM sensor and also to model the pitch estimated from the GPS measurements. Table 
3.1 shows the autoregressive model coefficients obtained for the second order AR model using 
burg’s method.  

 
Table 3.1 Autoregressive model coefficients for roll and pitch angle using 2nd order AR model 

Coefficients for Roll Coefficients for Pitch Residual (degree) Sprayer 
Path Aø1 Aø2 Aθ1 Aθ2 Error ø  Error θ 
Low 
Speed 0.5874 0.3441 0.6575 0.2748 1.08E-04 4.87E-05 

Medium 
Speed 0.6930 0.2260 0.7285 0.1415 3.01E-04 1.25E-04 

Average 0.6402 0.2851 0.6930 0.2081 2.04E-04 8.68E-05 

 

These coefficients were used to estimate the error from the roll and pitch angle measurements 
so that the white Gaussian noise, residue of the noise, should be separated from the other 
sources of errors in the angle measurements. Residual error obtained by the AR modeling 
technique could be used as a measurement noise covariance (R) in the Kalman filter 
implementation. Roll and pitch angles along with the roll, pitch errors were considered as the 
system states in the EKF implementation. Equation 21 is the system noise covariance matrix 
used in roll-pitch Kalman filter implementation. Residual of the roll and pitch angle error 
obtained using AR error modeling technique (Table 3.1) was used as a measurement noise 
covariance matrix as shown in equation 22. Fine tuning of the system noise covariance matrix 
(Q) and the measurement noise covariance matrix (R) is a key process in improving the 
performance of an optimal, recursive EKF algorithm. In this research, fine tuning of the EKF Q 
matrix was straightforward as the R matrix values were already determined by the AR error 
modeling. System noise covariance Q was calculated for different angle error values and it was 
observed that the performance of the EKF was better at the angle error of 0.11º i.e. at the error 
covariance value of (σDEM) 2 = 3.68e-6.  

The system noise covariance matrix, Q: 
6

6

6

6

6

6

3.68 10 0 0 0 0 0
0 3.68 10 0 0 0 0
0 0 3.68 10 0 0 0
0 0 0 3.68 10 0 0
0 0 0 0 3.68 10 0
0 0 0 0 0 3.68 10

Q

−

−

−

−

−

−

 ×
 × 
 ×

=  
× 

 ×  × 

       (21) 

 

The measurement noise covariance matrix, R: 
4

5

2.04 10 0
0 8.68 10

R
−

−

 ×
=  × 

                       (22) 



 

11 

 

The noise covariance for the roll and pitch angle rates, which were used as a input during the 
state estimation process, from DEM estimates were fine tuned from 0.1º/sec to 0.05º/sec for 
improved EKF estimation process. Thus, the roll and pitch rate input noise covariance was 
taken as (σø)2 = (σθ)2  = (0.05º/sec)2 = 7.62e-7 (radian/sec)2. The input noise covariance matrix, Γ 
was: 

7

7

7.62 10 0
0 7.62 10

−

−

 ×
Γ =  × 

                  (23) 

 

Roll and pitch angle estimates of the self-propelled sprayer using DEMs were very noise. 
Sometimes attitude angle estimates of the sprayer from the DEMs were not continuous as the 
sprayer path was out of bound from the generated DEMs. The results obtained from the 
developed EKF algorithm on slow speed data for the roll and pitch angle estimation are as 
shown in figure 3 and 4. The IMU measurements of the roll and pitch angles were used as a 
reference during the EKF implementation to validate the effectiveness of the developed 
algorithm. For roll and pitch angle estimates of the sprayer from DEMs, the straight line on the 
DEM roll and pitch plot with zero as a measurement (fig. 3.3, 3.4) shows that the sprayer was 
out of bound from generated DEM of the field. Out of bound circumstances did not provide the 
roll and pitch angle estimates from the DEM and therefore, the EKF algorithm has to rely on the 
TCM roll measurements and a single GPS-based pitch estimates to improve the attitude angles 
of the sprayer during the EKF estimation process. EKF algorithm was effective in estimating the 
attitude angles in the out of bound circumstances which can be seen in figure 2 and 3. EKF 
estimated roll and pitch angles were close to the IMU measurements though the DEMs 
estimates were absent or away from the IMU measurements. TCM roll angle measurements 
(fig. 3) and a single GPS-based pitch angle estimates (fig. 3) were close to the reference IMU 
measurements but had high-frequency noise associated with them. The implemented EKF 
algorithm was successful in removing the noise from these sources which is evident in figure 3 
and 4, respectively. Table 2 summarizes the mean as well as the standard deviation of the roll 
and pitch angle errors obtained for the slow and medium speed tests. 

The roll and pitch angle errors from different sensor sources were obtained by considering the 
IMU measurements as standard reference measurements. For the slow and medium speed 
data, the standard deviation of the roll error from the EKF estimates was less as compared to 
the roll errors from TCM as well as DEM roll angle estimates.  
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Figure 3: Roll angle from DEM, TCM, IMU and EKF for slow speed of the sprayer vehicle. 

 
Figure 4: Pitch angle from DEM, TCM, IMU and EKF for slow speed of the sprayer vehicle. 
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Table 2: Roll and pitch error from different sources compared to EKF with IMU as a reference. 
Roll Error Pitch Error 

Sprayer Path 
Mean Std. Dev. Mean Std. Dev. 

DEM 0.2157 2.4610 -0.0473 1..3230 
TCM Roll -0.2320 1.4220   
GPS Pitch   0.0473 0..9848 

Slow 
Speed 
 

EKF -0.2244 1.4710 0.0597 0.6621 
DEM 0.0912 2.4500 0.0131 1.7620 
TCM Roll -0.0725 2.2860   
GPS Pitch   -0.0131 1.2220 

Medium 
Speed 

EKF -0.0430 2.5490 0.0140 0.9145 

 

Standard deviation of the pitch error from the EKF estimates were considerably lower, except 
the standard deviation of EKF estimated pitch for medium speed dataset, when compared to the 
pitch error from the DEMs as well as the pitch angle error from GPS-based pitch for both the 
speed levels. For medium speed pitch estimates using EKF, though the standard deviation was 
higher, the EKF considerable reduced the high frequency error associated with GPS-based 
pitch estimates and the estimates were smoother and continuous when compared to that of 
DEM estimated pitch. 

The improved attitude angles using roll-pitch EKF algorithm were then used to estimate the 
three dimension (3D) position of the self-propelled sprayer. The preciseness of the elevation 
measurements is important in creating the highly accurate DEMs of the topographic field as well 
as in the attitude angle estimates using DEMs. The GPS receiver mounted on the self-propelled 
sprayer had height of about 3.81 m from the ground when the sprayer is on flat surface. Figure 
5 shows the effect of the vehicle role on GPS elevation and position measurements. Similar 
effect of pitch and yaw angle offset affects the GPS measurements. The roll, pitch and yaw 
angle of the vehicle at a given timestep affects the measured position of the vehicle and this 
position need to be corrected by removing the attitude angle effects. Equation 24 shows the 
rotation matrices due to the roll-pitch-yaw {(Rx, ø), (Ry, θ), (Rz,ψ )} of the vehicle about the x, y 
and z in the vehicle coordinate system, respectively. To analyze the error bounds and the 
potential improvements in position and elevation estimates, the following analytical process was 
conducted. If we assume that the original vehicle position in the vehicle coordinate at point PT

xyz 
is [ ]0 0 3.81 , the roll-pitch-yaw corrected vehicle position P’xyz will be calculated using eq.25. 

(Rx, ø) = 
1 0 0
0 cos sin
0 sin cos

φ φ
φ φ

 
 − 
 
 

  (Ry, θ) =
cos 0 sin

0 1 0
sin 0 cos

θ θ

θ θ

 
 
 
 − 

   

(Rz,ψ ) =
cos sin 0
sin cos 0

0 0 1

ψ ψ
ψ ψ

− 
 
 
 
 

                  (24) 

' ( , ) ( , ) ( , ) T
xyz x y z xyzP R R R Pφ θ ψ= × × ×                  (25) 
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Figure 5: Effect of roll angle experienced by sprayer on GPS measurements. 

 

The roll and pitch error reported in table 2 with IMU as a reference has maximum std. dev.  error 
of 2.46º for roll and maximum std. dev. error of 1.32º for pitch from the DEMs. For these roll and 
pitch errors, the analytical computation confirmed that the expected elevation error will be about 
0.53 cm where as the error in x and y positioning of the sprayer will be about 11.71 cm and 
16.34 cm, respectively. In worst case scenario, the maximum roll angle error from DEMs was 
about 8.95º and the maximum pitch angle error from the DEMs was about 5.45º. The worst case 
attitude angle errors were also used to calculate the expected position and elevation error of the 
self-propelled sprayer. The analytical calculation for these attitude errors showed that the 
expected elevation error will be about 6.33 cm in the worst case scenario. The RTK-GPS 
elevation measurements also suffer from the regular inconsistencies in the elevation due to the 
Dilution of Position (DOP) variation during the experimental runs. These attitude and other 
errors need to be accounted for while improving the elevation from the GPS sensor 
measurements. EKF algorithm implemented for improving the sprayer positioning estimates and 
most importantly the GPS elevation measurements showed promising results. Figure 6 shows 
the RTK-GPS elevation measurements and the EKF estimated elevations on the slow speed 
datasets. Figure 7 shows the 3D travel trajectory of the self-propelled sprayer as measured by 
the GPS and estimated by the proposed EKF algorithm. The implemented EKF algorithm 
showed promising results in improving the elevation measurements for slow and medium speed 
data. The GPS measured trajectory was noisy and had sudden jumps in elevation 
measurements (fig 7). EKF algorithm was able to estimate smoother trajectory compared to that 
of GPS measured trajectory and was also successful in removing the sudden jumps in 
measurements which were due to the variation in DOP during experimental runs. The error 
range in elevation from the GPS measurements was from 0.53 cm to 6.33 cm for the given 
datasets as calculated during analytical work. However, due to the absence of the AR model for 
GPS data, the fine tuning of the system (Q) and measurement (R) matrices was critical in the 
EKF implementation.  

In DEMs development using the vehicle based measurements, the accuracy of the DEMs 
creation depends not only on the accurate elevation measurements but also on the number of 
the vehicle field passes (Clark and Lee 1998). The DEMs development and enhancement is 
out-of-scope of this research, however, it can be suggested that the EKF improved vehicle 
elevation estimates could be useful in creating DEMs with better accuracy via any DEMs 
development algorithm and also to estimate the accurate vehicle attitude angles when the 
vehicle is traveling in the field, of which the DEM is available in advance.    

Effect of roll on GPS receiver position 

Roll angle 

Corrected GPS receiver 
position
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Figure 6: RTK-GPS elevation measurements and EKF estimates using sprayer attitude angles. 
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Figure 7: Sprayer travel trajectory (3D) measured by RTK-GPS and estimated by EKF data 
fusion technique. 

Conclusion 
From this research following conclusions can be drawn: 

• The developed roll-pitch EKF algorithms was effective in improving the attitude angle 
estimates of the self-propelled sprayer by fusing the DEMs roll and pitch estimates with 
the TCM roll measurements and a single GPS-based pitch estimates, respectively.  

• The EKF algorithm was effective in estimating the sprayer attitude angles even when the 
DEMs attitude estimates were not available for certain period due to the out of bound 
circumstances of the DEMs. The EKF algorithm was also capable of removing the high 
frequency noise associated with the TCM and GPS sensor measurements.  

• The accurate elevation measurements are important in developing the highly accurate 
DEMs. The Kalman filtering technique improved the elevation accuracy of the GPS 
sensor measurements for sprayer path datasets at both the speed levels by removing 
the elevation offset due to the roll and pitch angle errors. 

• The AR modeling of the attitude angle measurements for the sprayer paths improved the 
quality of roll-pitch EKF implementation and reduced the manual fine tuning efforts. This 
research could be useful in more accurately estimating the attitude angles of the vehicle 
traveling in the field of which the topographic map is available in advance, without the 
use of IMU, TCM and other attitude angle measurement sensors. This research might 
also be helpful in creating DEMs with more accurate elevation estimates.  

References 
Babu, R., and J. Wang. 2004. Improving the quality of IMU-derived Doppler estimates for ultra-

tight GPS/INS integration. GNSS2004 Paper 144, Rotterdam, Netherlands. Available at 
http://www.gmat.unsw.edu.au/snap/publications/. Accessed 10 May 2005. 

Bergeijk, V. J., D. Goense, K.J. Keesman, and L. Speelman. 1998. Digital filters to integrate 
Global Positioning System and dead reckoning. J. Agric. Eng. Res. 70(2):135-143. 

Bolstad, P.V. and T. Stowe. 1994. An Evaluation of DEM accuracy: Elevation, slope, and 
Aspect. Photogrammetric Engineering and Remote Sensing, 60(11): 1327-1332. 

Brockwell, P. J. and R.A. Davis. 1996. Introduction to time series and forecasting, Springer-
Verlag New York Inc. New York. 

Clark, R. L., and R. Lee. 1998. Development of topographic maps for precision farming with 
kinematic GPS. Transactions of the ASAE 41(4): 909-916. 

 Colvocoresses, A. P. 1993. GPS and the topographic map. Photogram. Eng. & Remote Sens. 
59(11): 1593-1594. 

Deere. 2003. Accurate positioning with the StarFire network guiding a tractor over rough terrain. 
Breaking ground. Fall/winter 2003. Urbandale, Iowa: John Deere Ag Management 
Solutions. 

Djuric, P. M. and S. M. kay. 1993. Order selection of autoregressive models. IEEE Transactions 
on Signal Processing, 40 (11): 2829-2833. 

Grewal M. S., L. R. Weill and A. P. Andrews. 2001. Global positioning systems, inertial 
navigation and integration. New York, A John Wiley & Sons, Inc. Publication 



 

17 

Guo L. S., Q. Zhang, and L. Feng. 2003. A low-cost integrated positioning system of GPS and 
inertial sensors for autonomous agricultural vehicles. Presentation paper at the 2003 
ASAE Annual international meeting, Las Vegas, NA. Paper Number: 033112.  

Kiriy, E., and M. Buehler. 2002. Three-state extended Kalman filter for mobile robot localization. 
Tech. Report Centre for Intelligent Machines (CIM), McGill University, Canada.  
Available at http://www.cim.mcgill.ca/. Accessed 25 March 2005.  

Liew, V. K. 2004. On autoregressive order selection criteria. Computational Economics, Paper 
no. 0404001, Economics Working Paper Archive EconWPA. 

Padulo, P. and M. A. Arbib. 1974. System Theory: A unified state-space approach to continuous 
and discrete systems, Muze Inc., Philadelphia  

Wang, P. 1998. Applying two dimensional kalman filtering for digital terrain modeling. IAPRS: 
GIS between vision and applications 34(4): 649-656   

Westphalen, M. L., B. L. Steward and S. Han. 2004. Topographic mapping through 
measurement of vehicle attitude and elevation. Transactions of the ASAE 47(5): 1841-
1849. 

Woods, J.W. and C. H. Radewan. 1977. Kalman filtering in two dimensions. IEEE Transactions 
on Information Theory, IT-23(4): 473-482. 

Yao, H. and R. L. Clark. 2000. Development of topographic maps for precision farming with 
medium accuracy GPS receivers. Transactions of the ASAE, 16(6): 629-636. 


	Main Menu
	Session Titles by Division
	POWER & MACHINERY
	SOIL & WATER
	INFORMATION & ELECTRICAL TECHNOLOGIES
	STRUCTURES & ENVIRONMENT
	ERGONOMICS, SAFETY & HEALTH
	FOOD & PROCESS ENGINEERING
	BIOLOGICAL ENGINEERING
	EDUCATION, INTERNATIONAL & OTHER AREAS
	THE NEXT 100 YEARS

	Paper Titles by Division/Session
	POWER & MACHINERY
	100  Quantitative Methods in Pesticide Application
	Development and validation of a new deflectory system to improve pesticide application in New York and Pennsylvania grape production areas
	Real-time monitoring of atomization from spray nozzles using vibration:  theorectical basis and experimental investigation
	Reducing the Pesticide Burden on UK Crops Through the Use of Targeted Delivery Systems
	Effect of Nozzle Type on Glyphosate Efficacy and Spray Particle Drift
	Development of a process-oriented model of Bacillus thuringiensis efficacy against the gypsy moth, Lymantria dispar
	Determination of Dry Material Physical Characteristics for Use in Dispersion Modeling
	Spraytran:  A GIS-Based Atmospheric Spray Droplet Dispersion Modeling System
	Quantifying the amonut of aerial spray in the air over time for vector control operations
	Allowable separation distances for wind predictions
	Development of a Test Plan to Verify Pesticide Drift Reduction Technology Performance

	101  Biomass Harvest, Storage, and Processing Considerations for Feedstock or Feed
	Drying, Harvesting and Storage Characteristics of Perennial Grasses as Biomass Feedstocks
	Effect of Inoculants on the Ensiling of Corn Stover
	Modeling of biomass wet storage system
	Single-Pass, Split-Stream Harvest of Corn Grain and Stover: Characteristic Performance of Three Harvester Configurations
	Development of a cutter-shredder-baler to harvest long-stem willow
	Using Agricultural Feed Stocks in the Production of Syngas in a Downdraft Gasifier
	Agro-Eco-Industrial Park Development for Liuminying Village of China: Focus on the Integrated Renewable Energy System
	Simulation and Image Analysis of Basecutter Operation in Sugarcane Harvesting

	102  Advances in Cotton Engineering - Ginning
	Systems Engineering of Seed Cotton Handling and Ginning in Texas
	Developments, Improvements, and Test Results for the Powered Roll Gin Stand
	Lint Cleaning Improvement through First Principles
	Development of an Electronic Hopper Weight Scale
	Long-term Storage Effects on Fiber Quality of Polyethylene Film Wrapped Cotton Bales
	Changes in Seed Coat Fragments During Cotton Ginning
	Using a Shear Tester to Evaluate Cottonseed Strength
	Upland Gin Season Sampling
	How Particulate Matter Sampling at a Cotton Gin Can Be Impacted by Stack Sampling Errors

	103  Conservation Tillage and Erosion Control Systems
	Effect of Conservation Tillage and Erosion on Soil Organic Carbon
	Strip Tillage on Sprinkler Irrigated Sugar Beets
	Stabilizing Nutrient-Rich Farm Land with Manure Slurry-Enriched Seeding of Cover Crops in Diverse Cropping Systems
	Development of an Alternative, Reaper/Flail Based Harvesting System for No-Till Farming
	Soil Quality and Conservation Tillage in the Palouse Region
	Innovative No-Till Farming for 30 yrs in the Palouse Region
	Soil Management Practices to Reduce Erosion in the Midwest
	When No-Till is not Enough; The Role of Vegetative Buffer Strips
	Impcat of Rolling/Crimping Direction of Cover Crop and Different Row-Cleaners on Cotton Emergence and Yield in No-Till Conservation System
	Effects of Conservation Systems on Soil Moisture and Productivity in Cotton
	Using Non-inversion Tillage and Cover Crops to Increase Use of Conservation Agriculture in the South
	The Conservation Security Program: Enhancing the Environment

	104  Performance and Accuracy of GPS-Based Systems
	Evaluating the Dynamic Accuracy of GPS Receivers in Groves
	Evaluation of GPS-Based Auto-Guidance Systems Over Varying Time Periods
	Performance and accuracy comparisons of GPS and Total-Station in land surveying
	Using GPS to evaluate vehicle platoon movement during military maneuvers
	Evaluating the Effect of Terrain on Field Area Measurements
	Performance of a Decimeter Accuracy GPS Receiver for the Development of Topographic Maps

	125  Influence of Harvest Variables on Forage Quality
	Effect of Harvest Method and Lab Procedures on Corn Silage Digestibility
	Effect of Density, Cover, Depth, and Time on Dry Matter Loss of Corn Silage ..
	Wide-Swath Drying and Post Cutting Processes to Hasten Alfalfa –
	Effect of Hay Properties on Variation on the Mechanical Compression of Timothy –
	Intensive Conditioning of Alfalfa: Drying Rate and Leaf Loss

	126  Soil Sensors for Precision Agriculture
	Using Soil Electrical Conductivity to Map Nematode-Prone Areas in Agricultural Fields
	Using Soil Electrical Conductivity to Map Soil Texture in Southeastern Soils
	Increasing information with multiple soil electrical conductivity datasets
	Development of an Electro-Mechanical System to Identify and Map Adverse Soil Compaction Using GIS & GPS
	Comparison of two alternative methods to map soil mechanical resistance on-the-go
	Development of a universal calibration model based on mid-IR spectroscopy for determining soil nitrate content
	Direct determination of soil moisture and nitrate content using FTIR/ATR spectroscopy
	A microcontroller-based frequency-domain sensor for simultaneous measurement of multiple soil properties

	127  Spectral Sensing for Precision Agriculture
	Design of a Hyperspectral Nitrogen Sensing System for Citrus
	Analysis of the influence of soil roughness, surface crust and soil moisture on spectral reflectance
	Fluorescence spectroscopy of vegetation for weed-crop discrimination
	Spectral response of cotton canopy to water stress
	Spectral Sensing of Different Citrus Varieties for Precision Agriculture
	The Nutrition Determination of the Soybean Crop Canopy Based on Spectral Reflection
	Classification of soils into different moisture content levels based on VIS-NIR spectra

	128  Variable-Rate Technology for Precision Agriculture
	Development of a control system for variable-rate application of granular fertilizer in paddy farming
	Development of an Application Rate and Uniformity Controlled Granular Fertilizer Spreader
	Development of the Variable Rate Granule Applicator and Analysis of Uniformity
	Dynamic characteristics evaluation of two commercial hydraulic flow-control valves for the variable-rate granular fertilizer spreader
	Moisture Absorption Characteristics of Granule Fertilizer
	Optimizing variable rate granular fertilizer spreader performance for single-tree prescription zones
	Field Test Results from a Prototype Planter with Embedded Controls for Individual Rows
	Status of Variable Rate Irrigation in the Southeast

	145  New Products - Invited Speakers
	200  Advances in Cotton Engineering - Production
	Optimization of the performance of a precision planter metering cotton seed using response surface methodology
	Wireless GPS system for in- field cotton fiber quality mapping
	Cotton Stickiness Mitigation by Bacteria
	Spindle Speed Effects on Cotton Quality
	Formation of Neps in Pima Cotton During Mechanical Harvesting
	Development of an Operator Feedback System for the Module Builder
	Potential Costs of Not Replacing Worn Module Covers
	Features of Work of Horizontal - Shpindle Cotton Picker Machines of American Firm ""Case""

	201  Management Strategies for Machinery Systems
	Spreadsheet Application for Matching Power Units with Field Implements
	Assessment of Economic and Phosphorus-related Environmental Impacts of Precision Feeding and Forage Management at Farm-scale
	A Systems Approach to Forage Harvest Operations
	Method for Fuel Prediction for Specific Tractor Models
	Trafficability Assessment for Agricultural Lands with the Aid of a Soil Compaction Model
	Effect of Different Planting Density on Cotton Canopy Structure, Canopy Photosynthesis, and Yield Formation

	202  Advances in Soil Dynamics
	Dynamic Mechanical Control System for Soil Reconstruction
	Development of an Instrumented Portable Device that Measures Shear, Shrinkage, and Friction
	Soil Viscosity and Yield Stress Measurements Using a Motorized Rheometer
	The Discrete Element Method as a Tool for Analyzing and Optimizing Soil-implement Interaction
	Torque Requirements and Forces Generated by a Deep Tilling Down-cut Rotary Tiller
	Rolling Resistance of Automobile Discarded Tyres for Use in Camel Carts in Sand
	A Decision Support System (DSS) for Soil Compaction Management
	Measuring Soil Pressure Distribution in Undisturbed Soil Profiles

	203  Sensors and Controls for Precision Agriculture
	Development of a sensor array for manure nutrient analysis
	Implementing the I2C synchronous serial bus for control and processing of an ultrasonic sensor array
	Corn Stalk Sensor Optimization using Finite Element Modeling
	Detecting stink bugs/damage in cotton utilizing a portable electronic nose
	Dynamic Friction Coefficient Measurement of Granular Fertilizer Particles
	Instrumentation and Control for Wireless Sensor Network for Automated Irrigation
	Modeling and Simulation of a four-wheel-steered agricultural robotic vehicle
	Roadside Spray Control: On-Board Monitoring and Recording of Environmental Conditions for the Prevention of Application in Adverse Conditions
	Real-time Moisture Measurement on a Forage Harvester Using NIRS
	Non Destructive Method for Measuring Moss Water Status using Texture Analysis and Artificial Neural Networks Model

	227  Recent Advances in Pesticide Application Technology
	Repeatability of Soil Apparent Electrical Conductivity Measured by the Veris 3100 Sensor
	Use of LIDAR to Confirm Spray Drift Sampling Techniques
	Spray Characteristics and Wind Tunnel Evaluation of Drift Reduction Potential with Air Induction and Conventional Flat Fan Nozzle
	Comparison of drift potential and coverage of traditional vs modified and new technology orchard sprayers
	Optical Cues in Forest Insect Host Homing: An Overview
	Evaluation of Tracer (spinosad) for Control of Thrips in Cotton Using Various Aerial Nozzle Technologies
	Field Evaluation Of Application Variables For Bell Pepper Pest Management
	Increased Abaxial Deposition and Biological Efficacy of Electrostatically Charged Sprays
	Meteorological Effects on Transport and Fate Agricultural Sprays
	Real-time Application of Herbicides in Seed Lines by Computer Vision and Micro-Spray System
	Spray application volume test in apple and pear orchards in Catalonia (Spain) and Variable Rate Technology for dose adjustment
	Adjustment of the dose distributed to the size of the tree in different citrus varieties
	Agricultural tractor classification according to their energy efficiency
	An Automatic Seeding System Using Machine Vision for Seed Line-up of Cucurbitaceous Vegetables

	300  Pesticide Application Technology for Tree and Bush Crops
	The development of a fixed spraying system for high-density apple trees
	Pollution reduction from a spray recovery sprayer
	Influence of air velocity on spray deposition in peach orchards
	Dynamic air velocity and spray deposition inside dense nursery crops with a multi-jet air-assist sprayer
	Spray capture efficiencies of ribbon and string targets used in orchard applications
	Optimizing Pesticide Spray Applications in Tree Crops
	Study on an Intelligent System for Precision Pesticide Application Based on Fuzzy Control and Machine Vision
	Inspection of sprayers in use: a European sustainable strategy to reduce pesticide use in fruit crops

	301  Innovations in Traction and Tractor Design
	Off-Road Dynamics Research at Cranfield University at Silsoe
	A Team Advisor's Perspective on the1/4 Scale Tractor Student Design Competition
	A Study of Electro-Hydraulic Driven Cooling System for Tractor

	302  Fruit and Vegetable Engineering
	Automatic Field Transplanters for Vegetable Crops
	Fatigue and Stability Analysis of a Continuous Blade Band-type Cutter for Leafy Vegetables
	Fruit Thinning with Precise Limb Shakers
	Field Evaluation of a Citrus Fruit Pickup Machine
	Physical Properties of Citrus in Response to Applied Forces in Robotic Harvesting
	End-effector for Automated Citrus Harvesting
	Theoretical Aspects of Orienting Fruit Using Stability Properties During Rotation
	Energy and Economic Effectiveness of a Dehumidifier for Small Scale Coffee Drying
	Field Study of the Movement of Sound Produced in Wind Machines in Vineyards in Niagara, ON, Canada

	303  GIS and Spatial Technologies for Management Decision-Making
	Geospatial Solutions for Precision Management of Cotton Root Knot Nematodes
	ArborCensus: A GIS-Based Tool for Arboreal Cataloging
	Assesment of soil hardpan spatial variability on southeastern US soils for precision tillage applications
	GPS and GIS Technologies for survey and management of roadside vegetation
	Implementing on-farm research with precision ag technologies
	Spatial Decision Support System for Medfly Control

	304  Automated Guidance of Agricultural Vehicles
	MEMS Sensors to Prevent –
	Obstacle Avoidance Turning System for Intelligent –
	A Network-centric Approach to Agricultural Vehicle Using a –
	Automated Guidance of an Articulated Vehicle Using a –
	Using Federated Filter to Estimate Position of Automated –
	Optimal Path Planning for Arable Farming
	Sensor Fusion for Improved Roll Estimation –
	Development of a Automatic Guidance System for a Semi-Crawler Tractor

	325  Pesticide Application Influences on Improving Soybean Health
	Overview of Application Concerns for Improved Soybean Health
	Evaluation of various spraying equipment for effective application of fungicides to control Asian soybean rust
	Effects of Nozzle Type and Carrier Application Rate on the Control of Leaf Spot Diseases of Soybean
	Nozzle Type Effect on Soybean Canopy Penetration
	Development of a canopy opener to increase spray deposition and coverage inside soybean canopies

	326  Remote Sensing for Precision Agriculture
	Calibration and Verification of Low-Cost Imaging Tools for Remote Sensing
	Use of spectral angle mapper (SAM) and hyperspectral imagery for yield estimation
	Development of Personal Remote Sensing System for an Extremely Narrow Area
	Spatial approaches in identifying the effect of nitrogen treatment in cotton on vegetative index
	Fusion of IR and Mulispectral Images in the Visible Range for Empirical and Model Based Mapping of Crop Water Status
	Fusion of Optical and InSAR DEMs: Improving the Quality of Free Data
	Fusion of remotely sensed imagery and minimal ground sampling for soil moisture mapping
	Genetic Algorithms for Multi-temporal CIR Image Data Mining
	Mission Planning and Guidance for UAV Aerial Imaging
	Remote sensing of soil properties in precision agriculture: a review
	Using Technology to Develop Integrated Water Resource Management Schemes
	Automated Cotton Fiber Sampler for Determination of Fiber Quality Spatial Variability
	Experiences with GPS-triggered Multispectral and Thermal Imaging Systems for Accessible Aerial Platforms

	327  Military and Industrial Applications of Soil Dynamics
	Terrain mechanic for Tracked Vehicles
	Multibody Dynamic Simulation of Off-Road Vehicles for Load –
	Tire Force and Terrain Disturbance Measurements during Spiral and –
	Soil Property Influence on Military Vehicle impacts
	Dynamic Interaction of Soil and Mechanical –
	Surrogate Instrumented Mine Use for Developing Countermine –
	Soil Milling as a Solution to the Threat of Landmines
	The Future of Soil Dynamics

	328  Development and Performance of Yield Monitors
	Correcting grain combine mass flow delays through sensor fusion
	Development of an impact type electronic weighing system for processing tomatoes
	Fundamentals of the picking process when harvesting corn
	Development of a Yield Monitor for Citrus Fruits

	329  New Development in Cultural Practices
	Planting at High Speeds
	Development of an Air-Cannon Puncher on Precision Planter
	Planter Presswheel Effects on Cotton Emergence in a Conservation Tillage System
	Evaluation of Five Sugar Cane Planters
	Energy Inputs for Nine Tillage Systems in a Clay Loam Soil
	Use of Autosteer Guidance in Peanut Production
	Measurement and Mapping of Soil Penetration and Moisture Content in a Winter Wheat Crop by Using GPS Interfaced Instrumented Apparatus
	A Economic Review of Biomass Harvesting Practices
	Harvest Efficiency of Winter Canola in Oklahoma
	An Innovative Vertiacal Axial-flow Threshing Machine Developed in China


	SOIL & WATER
	105  Soil & Water Division Poster Session
	A Continuous Rain-Garden Water Balance Model
	Analysis Of Watershed Physical And Hydrological Effects On Baseflow Separation
	Annagnps Snowpack, Snowmelt, And Freeze/Thaw Modeling
	Assimilation Of Agrichemicals And Sediments In Runoff Within Ditches And Constructed Wetlands
	Development Of A Gis Decision Support System For Planned Expansion Of Animal Enterprises
	Distribution Of Event Mean Concentration (Emc) Of Nitrogen And Phosphorous From A Combined Dairy And Crop Farming Watershed
	Effects Of Soil Organic Amendment On Water And Nutrient Movement In A Sandy Soil
	Effects Of Water And Nutrient Strategies On Water Quality And Crop Yield
	Effects Of Water Retention In Agricultural Canals On Phosphorus Flux In The Lake Okeechobee Basin
	Evaluating Phosphorus Load Reductions Of Agricultural Water Management Practices Using Watershed Assessment Model
	Evaluation Of The Shaw Model For Within-Canopy Energy And Water Exchange
	Design And Testing Of Inexpensive Water Capture Devices For Water Quality Assessment
	Modeling Channel Erosion At The Watershed Scale:A Comparison Of Gwlf, Swat, And Concepts.
	Modeling Evapotranspiration In A Sub-Tropical Climate
	Nitrate Loading To Tile Drains And Corn Yield Under Different Conditions Predicted By Rzwqm
	Sediment And Nutrient Transport Through A Restored Agricultural Stream.
	Short- And Long- Wave Radiation Environment Of Irrigation Reservoir Surrounded By Mountains
	Simulating Effect Of N Application On Tile Flow And Crop Yield Using Rzwqm For Southern Ontario Conditions
	Spatial And Temporal Variation Of Ground Water Quality In Sand Dune Area Of Aomori Prefecture In Japan
	The Research On Development Of The Estimation Model For No3-N Concentration Of Groundwater In Miyako Island.
	Water Quality Impacts Of Reservoirs - Phase I Data Acquisition And Analysis
	Field Characterization Of Soil Parameters Using The Pedostructure Concept In Indiana
	The Path Analysis Between Electrical Conductivity Of 1:5 Soil Water Extract And Chemical Characteristics Of Soil Salinity
	Reduced Tillage Fallow Versus Chemical Fallow For Seed-Zone Water Storage In The Dryland Inland Pacific Northwest
	Effect of Cycle Time of The Percentage Timer on Center-Pivot'S Water Distribution Uniformity
	Rainfall Analyses For Irrigation Management In Ibadan Southwestern Nigria.
	Quality Of Different Sources Of Irrigation Water In Some Parts Of Ogun State, Nigeria.
	Effects Of Climate Change On Nonpoint Source Pollution From Rural Watersheds In South Korea (Using The Gwlf Model)
	Dynamics Of Pesticides At Watershed Scale: A Geo-Referenced Multimedia Modeling Approach
	Combined Effect Of Leaching Fraction And Salinity On Barley Growth And Salt Distribution
	Diagnosis Of Water Quality For Animal Consumption From The Microwatershed Of The Angicos River, Paraiba, Brazil
	Watershed Modeling For Solid Contaminant Transport, Transformation And Fate
	Understanding And Explaining The Relationships Between Dissolved Oxygen, Water Quality, And Natural Stream Ecosystems In The Coastal Plain Of Georgia
	Modeling Best Management Practices In Watersheds: The Effect Of Grassed Waterways And Filter Strips On Runoff And Sediments Yields
	Modeling A Watershed Basin Using The Regularized Tension Spline Software
	Silver Disinfection Studies Of Pseudomonas Aeruginosa For Water Distribution Systems.
	Experimental Studies On The Effects Of Reclaimed Water Irrigation On Soil Physiochemical Properties
	Validation Of Apex For Nine Forested Watersheds In East Texas
	Modeling Alternative Agricultural Management Practices For An Agricultural Watershed In South-Central Minnesota
	Development Of Infiltration and Redistribution Module For Modeling of Long-Term Simulations
	Efficiently Predicting Erosion Hotspots Using Gis And Field Assessment For A Large Watershed.
	A Simple Method For Estimating Soluble Phosphorus In Surface Runoff In The Laboratory
	Determination Of Watershed Sediment Sources Using Usda Watershed And Channel Models
	Close-Range, Oblique Photogrammetry For Mapping Plot Topography
	Dry Creek Long-Term Watershed Study: Effects Of Harvesting On Soil And Nutrient Movement Using The Mesh Bag Technique
	Effects Of Design Changes On Sediment Retention Basin Efficiency
	A Methodology for the Optimal Dredge Amount Estimation to Maintain the Water Supply Capacity
	Investigating Soil Erosion - Evaluation Of The Protective Action Of Vetiver Grass Hedges.
	Lessons Learned Using Laboratory Jet Test Method To Measure Soil Erodibility Of Compacted Soils.
	Monitoring Of Dust Emission At A Reclaimed Land And Its 3-D Aerodynamic Modeling
	The Effectiveness Of New Polymer Technologies On Reducing Soil And P Loss
	The Effects Of Sedimentation Tank To Prevent Suspended Soil Runoff
	Testing And Evaluation Of Nozzles For New Generation Rainfall Simulators
	Evaluation Of Compost Filter Socks In Sediment And Nutrient Reduction From Runoff
	Flow-Through Rates And Evaluation Of Solids Separation Of Compost Filter Media Vs. Silt Fence In Erosion Control Applications
	Comparison of Three Phosphorus Watershed Transport Model Routines
	An Evaluation Of Various Types Of Permeable Pavement With Respect To Water Quality Improvement And Flood Control
	A Simplified Urban Detention System For Stormwater
	Performance Of Low-Head Weirs For Enhancing Infiltration
	The Green Topeka Project: Moving Towards A Greener Community
	A Review Of Available Predictive Equations For Bedload Transport: Case Study Using Published Data For The Main Fork Red River, Idaho
	Measurement And Modeling Of Sediment Transport In A Cohesive Stream In Northern Idaho
	Goodwin Creek Experimental Watershed - Effect Of Conservation Practices On Sediment Load
	Recycled Plastic Composite Outlet Structure
	Optimal Economic Mainline Design
	Design Of Irrigation Facility Using Evolutionary Structural Optimization
	Beyond Drip Irrigation - Hyper-Efficient Irrigation
	A Case Study About Effective Remaining Lifetime Prediction Of Irrigation Facilities
	Hydrodynamic Design Of Straightening Vanes In Sprinkler'S Tube Using Cfd Analysis
	Computer Vision System For Automatic Control Of Precision Furrow Irrigation System
	Leak Detection Of Irrigation Canals In The Lower Rio Grande Valley Through Airborne Multispectral Remote Sensing Image Analysis
	A Decision Tool For Managing Risk In Irrigation
	Modeling Daily Solar Radiation Using Available Metrological Data In Ohio For Applications With Alternative Energy Sources For Micro-Irrigation
	Simulation Of Supplementary Irrigation For Maize In The Rio Grande Do Sul State Œ Brazil To Avoid Yield Reduction Due To Soil Water Deficit
	Estimating Evapotranspiration And Crop Coefficients For Mature Citrus In Central Florida
	Crop Coefficient For Seepage Irrigated Bell Peppers Under Plastic Mulch Conditions
	Tomato Root Distribution As Affected By Pesticide Injection Under Subsurface Drip Irrigation
	Management Of Trickle Irrigation On Vineyard Under Controlled Water Deficit
	Irrigation Management Strategies For Peanut Production Under Water-Limited Conditions
	Irrigation Management Of Potato Plants In Uruguay
	Production Of Lettuce (Lactuca Sativa, L.) Under Effects Of Irrigation With Treated Wastewater
	Reuse Of Treated Municipal Wastewater With Drip Irrigation In Jordan
	Treated Wastewater And Nitrogen:  Effects On The Chemical Properties Of The Soil
	Chemical Quality Of The Soil After The Use Of Wastewater Treated By Stabilization Pond
	Macronutrients In Soil And Lettuce After The Irrigation With Effluents Of Stabilization Pond
	Effects Of The Irrigation With Treated Wastewater On Fodder Corn Production
	Effect Of Treated Wastewater, Nitrogen And Phosphorus On Quality Of The Brown Fiber Cotton
	Physical Quality Of Irrigated Soil Of Rio Grande Do Sul State - Brazil
	Use Of Biosolid And Of Treated Wastewater In The Castor Oil Cropping And Their Residual Effects On The Edaphic Medium And On The Water
	Analysis of Stream Health Indicators for TMDL Assessment in Minnesota
	Modeling the Effects of Deep Chiseling Within DRAINMOD for Alluvial Soils

	106  Computer Models Used in Soil and Water Applications
	AnnAGNPS - A USDA Soil and Water Watershed Conservation Management Planning Tool
	Concepts: A Process-Based Computer Model to Assess the Offsite Impact of Soil Erosion and Instream Conservation Measures
	Use and Implementation of the RUSLE2 Soil Erosion Software
	SITES-Water Resource Site Analysis Computer Program
	SWAT: An Environmental and Conservation Assessment Watershed Model
	Water Erosion Prediction Project (WEPP) Technology for Assessment of Runoff, Soil Loss, and Sediment Yield Potential
	WEPS:  Wind Erosion Prediction System
	WINDAM - Analysis of Overtopped Earth Embankment Dams
	WinPond - Field Application for Pond Design
	WinTR55-Small Watershed Hydrology Model
	Field and Pond Hydrology Analyses with the SPAW Model

	129  Watershed Modeling for Water Resource Assestment and BMP Evaluation (In memory of Dr. John Parsons - Dec. 11, 1951- Oct. 3, 2005)
	John E. Parsons: a Tale of Research and Friendship
	Representation of Agricultural BMPs with SWAT
	Critical Issues in Representation of BMPs with Watershed Models
	Long-Term Water Quality Responses to Conservation Practices in Nested Coastal Plain Watersheds
	Modeling an Illinois Watershed for Water Quantity and Quality Assessments at the Surface Water Supply Intakes
	Evaluating BMPs in a Claypan Watershed
	Quantifying Nutrient Load Reductions from BMPs Common to the Choptank River Watershed Using AnnAGNPS and REMM: a CEAP Special Emphasis Watershed Project
	Non-Point Source Pollution Assessment of Cedar Creek Watershed using a Three-Tiered Modeling Approach

	130  Use of Modeling in Irrigation Management
	Using SPAW to Design Tailwater Pits and Reservoirs in Eastern Arkansas
	Efficacy of Artificial Irrigation for Central Iowa Using Ceres-Maize Crop Model
	Computer Programs Used for Improved Water Management in Arkansas
	Temperature Corrected Scaled Frequency to Improve the Accuracy of Multisensor Capacitance Probes
	A Transport Model to Evaluate Fertigation Strategies in Surface Irrigation
	Off-Stream Storage Efficiency for Cotton Production in Northern Alabama
	Neural Approach of Sub-Pixel Rice Quantification for Optimized Irrigation Scheduling
	Development of a Soil Moisture Model Using a Dynamic Simulator

	204  Innovations in Hydrological Modeling
	Auto Calibration of Complex Watershed Models using Simulation-Optimization Framework
	Automatic Calibration of Hydrologic Parameters in HSPF Using PEST
	Multi-Objective Automatic Calibration of a Semi-Distributed Watershed Model using Pareto Ordering Optimization and Genetic Algorithm
	Multi-Objective Optimization for Water Quality Management in a River System
	Calibration of an Integrated Hydrological, Ecological and Economical Modeling System
	Artificial Neural Network Application for Stream Flow Forecasting in Portneuf Watershed of Idaho
	A Comparison of Artificial Neural Networks and Statistical Regression for Streamflow Prediction
	Application of Dynamic Agricultural Nonpoint Source Assessment Tool (DANSAT) to an Agriculture watershed in Virginia
	A Regional Hydrologic Simulation Model with Object-Oriented Local Hydrology Process Modules

	205  Emerging Issues in Water Quality - Moderator: Jason Vogel, USGS, Lincoln, NE
	The Fate and Transport of Veterinary Antimicrobials in the Environment
	Transport and Numerical Simulation of Cadmium in Saturated Soil Columns with Free Drainage
	Nutrient and Pesticide Transport from a Golf Course Watershed
	Geomorphological modeling of thermal runoff from urban watersheds
	Innovations in River Modeling Œ Integration of Hydrological and Water Quality models Balances Municipal Potable Water Needs and Stream Ecology
	Microbial Source Tracking in the Plum Creek Watershed in Central Nebraska
	Quantification of Spatial Distribution of Runoff Source Areas in an Agricultural Watershed
	Effect of Hog Manure Fertilizer upon Water Quality and Soil Productivity
	Effect of Behavior of Pasturing Cattle on Water Quality in Grassland

	206  Erosion Mechanics and Prediction
	Changes in Stream Bank Erodibility and Critical Shear Stress Due to Surface Weathering
	Evaluation of Temporal and Spatial Sediment Dynamics in Agricultural Fields using Lanthanide Tracers
	Evaluation of Temporal & Spatial Sediment Dynamics in Agricultural Fields using Naturally-Occuring & Fallout Radionuclides
	Modeling Event-Based Soil Erosion on Hillslopes: Evaluating USLE-M and MUSLE Models under Simulated Rainfall Conditions
	WEPP with Energy-Based Winter Routine for Simulating Winter Hydrologic Processes in the Pacific Northwest, USA
	Watershed Prioritization using USLE, GIS, and Remote Sensing
	Adapting the Water Erosion Prediction Project (WEPP) Model to Forest Conditions
	Soil Properties and Its Impact on the Mobility of Contaminants Leached Down Gradient of Ordot Landfill in Central Guam

	207  Non-Point Source Pollution Control Structures
	Effect of Buffer Strip Processes on Pesticide Transport from Agricultural Fields: a Review
	Effect of Pasture Management on Soil Solution Nitrate-N Content and Water Quality
	Military Maneuver Effects on Water Quality and Non-Point Source Pollution: Implications for Training and Land Use
	Performance Evaluation of Batch-Reactor Constructed Wetlands for Dairy Wastewater Treatment
	Real-Time Monitoring of Wastewater Characteristics in Septic Tanks: An Innovative Bmp
	Strategies for Minimizing Afo Waste Impacts on Drinking Water Sources
	Treatment of Milking Center Wastewater in a Sequencing Batch Reactor (Sbr)
	Vegetated Filter Strip System Design - Overview and Case Study

	208  Precision Irrigation Technologies
	Advances in Center Pivots for Site Specific Management
	A Remote-Real-Time Continuous Move Irrigation Control and Monitoring System
	Performance of a Continuous Move Irrigation Control and Monitoring System
	Evaluation of Wireless Control for Variable Rate Irrigation
	Solar-Powered, Wirelessly-Networked Valves for Site-Specific Irrigation
	Controlling Variable Rate Irrigation with a Wireless Smart Sensor Array
	Case Study: Start-Up of a Secondary Water Supply Company and First Phase Design of a Regional System
	Performance and Water Conservation Potential of Multi-Stream, Multi-Trajectory Rotating Sprinklers for Landscape Irrigation

	209  Decomissioning or Rehabilitation of Small Dams
	Breach Analysis of PL 566 Dams in NY
	Physical Model Study of a Proposed Converging Rcc Stepped Spillway
	The Evaluation and Repair of an NRCS Assisted Dam Constructed on a Collpsible Foundation
	Dam Rehabilitation Program Wisconsin Experience
	Model and monitored estimates of Fort Hood sediment loadings in Cowhouse Creek
	Vegetative Filter Education and Assessment in the State of Iowa

	228  Forest and Wetland Hydrology and Ecosystems
	Analysis and Modeling of Groundwater Hydrology of a Drained Carolina Bay Wetland Restoration
	If You Build It, Will They Come?  Restored Streams and Benthic Insects
	Process Transfer Functions to Relate Stream Ecological Condition Metrics to Nitrate Retention
	Effects of DEM Resolution on WEPP Hydrologic and Erosion Prediction: a Case Study of Two Forest Watersheds in Northern Idaho
	Evaluating the Effects of Thinning on Hydraulic Properties of an Organic Soil
	Forest Harvesting Effect on Hydrology and Water Quality of Small Headwater Streams in Southwestern Georgia
	Hydrology & Water Quality of Two First Order Forested Watersheds in Coastal South Carolina
	The Effect of Harvesting on Hydrology and Water Quality of a Forested Organic Soil Watershed
	Spatial Analysis of Compliance, Application, and Effectiveness of Forestry Best Management Practices in West Virginia
	Nitrate removal of riparian buffers established through the NC Conservation Reserve Enhancement Program

	229  Soil Erosion Research
	Application af Gypsum and Polyacrylamide to Combat Soil Erosion
	Impact of  Watershed Development for the Fall River Watershed
	Impact of Sugarcane Mulch Management Strategies on Soil Erosion and Crop Yield
	Large-Scale Impacts of Frozen Soil on Soil Erosion: Coupling the WEPP Model to a Macro-Scale Hydrologic Model
	Sensitivity and Uncertainty Analysis for Wind Erosion Prediction System (WEPS).
	Winter Runoff and Erosion from Pacific Northwest Cropland
	Zero Tillage and Surface Layer Liming Promising Technique to Reduce Clay Soil Erosion and Phosphorus Loading
	Control of Runoff and Soil Erosion with Land Application of Polyacrylamide
	Enhancement of Phosphorus Removal in Bioretention Cell Through Soil Amendment

	230  Fate and Transport of Pathogens
	E. Coli Persistence Associated with Liquid Swine Manure and Liquid Municipal Biosolids in Repacked Sand Columns with Artificial Macropores
	Is Escherichia Coli a Good Indicator of the Transport Behavior of Campylobacter Jejuni in Groundwater Environments?
	Calibration and Validation of SWAT/Microbial Sub-Model 2005 for Fecal Bacteria Prediction on a Grazed Watershed
	Partitioning of E. Coli and Enterococcus Between Planktonic and Sorbed Phases in Runoff from Pasturelands
	Fate and Transport of Colloid in Porous Media Using a Geocentrifuge
	Evaluating Material Properties to Optimize Wood-Strands for Wind Erosion Control
	Evolution of a Low Gradient, Sand Bed Channel Following Construction
	Long-Term Nitrogen Load from the Little River Experimental Watershed on the Coastal Plain of Southwest Georgia

	231  Estimating Crop Water Use
	Canopy Temperature View Angle Affects on the Water Deficit Index
	Effect of ET Calculation Method on Irrigation Scheduling in Midsouth
	Estimating Seasonal Crop ET Using Calendar and Heat Unit Based Crop Coefficients in the Texas High Plains Evapotranspiration Network
	Assessment of SEBAL Model for Estimating Evapotranspiration in Devils Lake Basin
	Crop Production in Western Kansas as Related to Irrigation Capacity
	Estimation of Paddy Rice Crop Coefficients for Penman-Monteith and FAO Modified Penman Method
	Estimation of Agricultural Water Use Through the Rational Calculation of Paddy Rice Inrrigation Water
	Security of Upland Irrigation Water Through the Periodical Management of Dam Storage and Rational Calculation of Paddy Irrigation Water

	232  Stream Corridor Restoration
	An Application of SVAP in Northwestern Minnesota
	Case Study-Soil Bioengineering for Streambank Restoration and Rationale for Success
	Design Methods for Coastal Stream Restoration in NC
	Rock Cross Vane Hydraulics and Durability
	Trout Stream Improvement in South Carolina
	Riparian Forest Influences on Channel Morphology and Aquatic Ecology: Implications for Restoration and Management
	An Evaluation of Monitoring Results for Multiple Stream Restoration Projects in the Hiwassee River Watershed of North Carolina
	Monitoring Evaluation of North Carolina Stream Restoration Projects

	233  Vadoze Zone Characterization and Modeling
	Delineating Functional Soil Mapping Units
	Subsurface Mapping of Agricultural Landforms Impacted by the New Madrid Earthquakes of 1811-12
	Estimating Soil Hydraulic Parameters from Space
	Modifying Kozeny-Carman Equation for Evaluating Saturated Hydraulic Conductivity in Clay with Adsorbed Water Layer
	Calibration of a Combined Dielectric Probe to Variably Saturated and Organic Soils: Loxahatchee River Floodplain Soils
	Herbicide Fate and Transport in the Unsaturated Zone: Field Comparisons from Nebraska and Maryland
	Soil Water Modeling in South Georgia using WEPP Hydrology
	Soil Water Modeling Using Pedostructure
	Soil Heat Flux Revisited: a Simple Phase-Difference Model for the G/Rn Ratio

	305  Hydrology and Water Quality
	Sensitivity Analysis of HSPF Using Monte Carlo Simulation and Sediment Export Coefficients in the Caribbean Region
	Remote Sensing of Field Level Management Practices
	Using Remote Sensing Technologies for Assessment of Imperviousness in a Watershed
	Distributed Soil Depth Estimation with Remote Sensing of Evapotranspiration
	A Novel SWAT Modeling Approach for the Boone River Watershed in North Central Iowa
	Calibration and validation of the SWAT model in Goodwater Creek Watershed
	Modeling No-Till Runoff and Sediment Yield using SWAT
	SWAT Modeling for the Raccoon River Watershed in Iowa
	Performance of Four Hydrologic Models in Simulating Ontario Spring Conditions

	306  Characterizing Nutrient Transport in the Environment
	Measuring Environmental Benefits Of Conservation Practices: The Conservation Effects Assessment Project (Ceap)-An Approach For National Level Calibration
	Time Series Characterization of Particulate Phosphorus Losses for Three Corn Management Systems
	Characterizing Hydrologically Active Areas for Effective Management of Phosphorus Loss in Surface Runoff
	Modeling Phosphorous Transport in Tile Drained Fields
	Tropgleams:  a Model to Predict Root Zone N and P in Tropical Conditions
	Modeling Nutrient Transport for Watersheds in Southern Ontario, Canada
	Simulating Beef Pasture Nutrient Loads in the Lake Okeechobee Basin
	Characterizing Nutrient Transport in the Environment
	A Phased Approach to Developing Water Quality Models for Watershed Management in the Lower Colorado River, Texas

	307  Stormwater Runoff and Sediment Control
	Groundwater Dispersivity Induced by Stormwater Runoff
	An Evaluation of Level Spreader Performance in North Carolina
	Efficiency Testing for Sediment Control of New Silt Fence Materials
	Evaluation of Standards for Compost Blankets in Stormwater Control
	Impacts of Changing Land Use During Development
	Polyacrylamide Blocks for Turbidity Control
	Sizing Wetland Forebays Based on Wetland and Watershed Characteristics

	308  Modeling and Evaluation of Conservation Practices
	Use of Data from An Intensively-Monitored Field Site to Determine Input Parameters for SWAT
	An Analysis of Economic Feasibility on the Automated Agricultural Water Management in Korea
	Assessing the Impact of Spatial Variable Resolution on Hydrologic Processes and NPS Pollutant Transport
	LCA Estimation of Agriculture of Okinawa, Japan
	Modeling Concrete Pipe Encasements for Small Dams
	Post-Project Concrete Lining Seepage Analysis
	Simulated Hydrologic Impact of Forest Development Resulting from Conservation Practice Implementation
	Site Vulnerability to N- and P-Based Nutrient Management

	309  Drainage and Water Quality
	Comparing Numerical and Analytical Solutions for Baseflow Into Drainage Channels
	Implementing Critically Needed Technology Changes in Agricultural Drainage Systems
	Variability and Decay Patterns of E. Coli in Drainage Water
	Effect of a Rye Cover Crop on Dairy Manure As a Source of E. Coli in Leachate from Soil Columns
	Modeling Manure Nutrient Movement in the Soil
	Desalinization Approach Under Heavy Clay Low Permeable in North Egyptian Soil
	On-Farm Disposal of Saline Drainage Water
	Methods for Removing Nitrate-Nitrogen from Agricultural Drainage Waters: A Review and Assessment

	310  Management of Drip Irrigation
	Drip Irrigation of Tomatoes and Cotton in Saline Soil
	Comparison of Subsurface Drip Irrigation Uniformity Designs on Cotton Production on the Texas South Plains
	Comparing SDI and Sprinkler Irrigated Yields in Commodity Crops in North Carolina
	Crop Germination and Near-Surface Soil Water and Temperature for SDI, LEPA, and Spray Irrigation
	SDI Wide Bed Design Improves Row Crop Germination
	Study on the Head Losses and Turbulence Produced by the Connections in the Manifold
	Innovative On-Site Wastewater Alternatives with Drip Irrigation
	Fertigation Uniformity As Affected by Injector Type and Manufacturing Variablity of Emitters

	330  Effects of Climate Change, Land Use, and Disturbance on Water Quality and Quantity
	Hydrologic Impacts of Projected Land-Use in the Great Lakes Drainage Basin
	Simulated Effects of Changing Land Use on the Shallow Aquifer of Nasunogahara Basin, Japan
	The Effect of Vegetation on Simulated Differential Ice Accumulation in Non-Sorted Circles Ecosystems
	Spatial Variation of Groundwater Quality
	Soil Heterogeneity and the Hydrology of the Palouse Region
	A Prototype ARS Data System used for Modeling and Decision Support
	Estimating the Water Quality Benefits of Conservation Practices-A Modeling Approach for National Assessment
	Modeling the Effects of Terracing and Nonfederal Reservoirs on Water Supplies in the Republican River Basin above Hardy, Nebraska
	Spatially Distributed Soil Erosion Prediction in a Watershed in Northern Idaho

	331  Modeling and Uncertainty in TMDLs
	Modeling Tools for TMDL Development and Implementation: Presentation of the Collection
	Sediment and Nutrient Modeling for TMDL Development and Implementation
	Use of Models and Bacteria Indicators for Assessing Pathogen fate and Transport in the Environment to Establish TMDLs
	Methods for Establishing Dissolved Oxygen TMDLs
	Application of Biological Indicators in TMDL Assessment and Implementation
	Uncertainty in TMDL Models
	Economic Models for TMDL Assessment and Implementation
	SWAT Stream Flow Predictions in the Upper Haw River Watershed of North Carolina
	Watershed Modeling Uncertainty from Spatial Rainfall Variability

	332  Urban Stormwater BMP's
	Stormwater BMP Research in Charlotte, NC
	Aging Effects of Environmental Factors on Seven Rolled Erosion Control Products
	The Effect of Urban Stormwater BMPs on Runoff Temperature in Trout Sensitive Waters
	Engineering and Constructing Bioretention Cells
	Evaluating Infiltration and Runoff from Urban Soils
	Innovative Stormwater Treatment Practices in the Neuse and Tar-Pamlico Basins Œ a Partnership Between the North Carolina Ecosystem Enhancement Program and the Biological and Agricultural Engineering Department at North Carolina State University.
	Stormwater Dune Infiltration System for Reducing Pollutant Loads from Ocean Outfalls
	Winter Hydrology and Water Quality of a Bioretention Area
	Annual and Individual-Storm Green Roof Stormwater Response Models

	333  Water Table Management (Controlled Drainage/Subirrigation) for Water Quality
	Agricultural Drainage Managment Systems and Water Quality: a Literature Review
	Field Evaluation of Drainmod for Simulating the Effects of Drainage Water Management
	Imapact of Water Table Management on Soil Properties
	Paired Field Analysis of Controlled Drainage Sites in Indiana
	Impact of Water Table Management on Nitrate Loadings to Shallow Ground Water.
	Water Quality Benefits of "Shallow" Subsurface Drainage Systems
	Evaluation of a Subsurface Drainage Model Using Soil Hydraulic Parameters Derived by Various Methods
	Geomorphic Characteristics of Drainage Ditches in Southern Minnesota

	334  Irrigating with Limited and Reused Water Supplies
	Stochastic Pert-Network for Irrigation Scheduling to Consier Uncertainty of Climate and Other Factors
	Use of ""Hydraulic Balanced Irrigation Schedule (HBIS)"" Optimization Program to Cost Effectively Irrigate a Very Large Scale Tree Farm
	Irrigation Scheduling Automation for Center Pivot Sprinklers
	Limited Irrigation of Maize and Corn in Semi-Arid Eastern Mediterranean - Part I:  Water and Productivity and Management
	Limited Irrigation of Maize and Cotton in Semi-Arid Eastern Mediterranean - Part II:  Water Use and Stress
	Case Study:  Improvements in Control and Water Management Within the Greeley No. 2 Canal System
	The Manatee Agricultural Resuse System (MARS):  Evaluating a Sustainable Community Water System in Manatee County, Florida
	Effects of Denitrification on Land Irrigated with Wastewater
	Improving Moisture Storage in Sandy Soils for Plant Growth Using Water Absorbing Synthetic Polymers


	INFORMATION & ELECTRICAL TECHNOLOGIES
	107  Application of Numerical Methods in Food Process Engineering
	Development of CFD Structural Fumigation Models for Predictions of fumigant movement and half-loss time
	Estimating trace metals in Chinese rice wine by near infrared spectroscopy
	Heat and mass transfer modeling of apple under infrerad simultaneous Dry-Blanching and Dehydration Process
	Simultaneous determination of rate constants for mutarotation and hydrolysis of lactose with a glucose electrode
	Modelling the drying process in durum wheat pasta
	Modeling Microwave Heating in Blocks, Cylinders and Spheres
	Moisture Sorption Isotherms of Sugarcane, Palmyra and Date Palm Jaggery

	108  Machine Vision for Precision Agriculture
	Estimation of GPS Locations of Machine-Viewed Scenes Using Attitude Sensor
	Feasibility of using Polarizing Filter to reduce halation effects during image acquisition in the field
	Citrus Yield Mapping System in Natural Outdoor Scenes using the Watershed Transform
	Machine Vision-Based Variable Rate Spraying System for precision weed control
	Remotely-Piloted Helicopter Citrus Yield Map Estimation
	Development of autonomous unmanned helicopter based agricultural remote sensing system
	Reconstruction of a virtual 3D field scene from ground-based multi-spectral stereo imagery

	109  Hyperspectral and Multispectral Imaging - Part 1
	Partial Least Squares Modeling of Wetland Pant Hyperspectral Reflectance for Heavy Metal Detection
	Design and Validatioin for Laser Based Scanning Reflectometer
	Detection of Bruises in Strawberries Using Hyperspectral Imaging
	Detection of Corn Plant Population Using Aerial Hyperspectral Remote Sensing Imagery
	Development of Total Transmittance Calibration Technique for Hyperspectral Imaging
	Hyperspectral Imaging for Detecting Surface Defects on Tomatoes
	Textural Analysis of Hyperspectral Images for Improving Detection Accuracy

	131  Modeling of Crop and Farm Systems
	SPUDSIM: A model for simulating potato productivity
	Adapting the CSM-CERES Maize Model for Ability to Simulate Growth and Yield of Sweet Corn
	Physiological response of sugarcane (saccharum spontaneum, cv us 67-22-2) to N fertilization
	Use of Crop Growth Models to Develop Deficit Irrigation Management Strategies in Nebraska
	Estimating on-farm irrigation water use in Georgia with a crop simulation model
	Pecan irrigation-fertilization-pruning scheduling model
	Uncertainty Analysis of the CERES Model under Sweet Corn Production in North Florida
	Analysis of Improvements in Asparagus Mechanical Harvesters Using a Crop Growth Model

	132  Machine Vision for Autonomous Vehicles
	Determination of crop rows using image analysis
	HortiBot: A new commercial machine vision system for guidance within row crops - Part IV
	Sensor fusion of machine vision and laser radar for autonomous vehicle navigation in citrus groves
	Tomato recognition and location based on binocular stereo vision
	Use of Machine Vision for Near Real Time Guidance of a Bird Reducing "Scarebot"
	Kalman Filter for Sensor Fusion of GPS and Machine Vision

	133  Hyperspectral and Multispectral Imaging - Part 2
	Bacterial Fruit Blotch Detection with Multi-Spectral Imaging
	Predicting Beef Tenderness Using Hyperspectral Imaging
	Measurement of Optical Properties of Solid Simulation Samples and Apples Using Hyperspectral Diffuse Reflectance
	Unsupervised Spectral Classification of Remote Sensing Imagery Using Data Mining and Statistical Techniques
	Visible/near-infrared Hyperspectral Reflectance and Transmittance Imaging for Detection of Internal Mechanical Injury in Pickling Cucumbers
	Detecting Blood Spots, Meat Spots, and Other Defects in Shell Eggs with Hyperspectral Imaging
	Pork Quality Assessment Using Hyperspectral Imaging System: Optimizing Selection of ROI
	On-line Evaluation of Hyperspectral Reflectance and Fluorescence Line-scan System for Rapid Detection of Animal Fecal Matter on Apples

	210  Information & Electrical Technologies Poster Session
	Development of System for Distinction of Disease Plant
	Ultraviolet absorption spectra for biodiesel quality sensing
	Effect of Test Cell Loading Method for Unified Grain Moisture Algorithm
	Dielectric spectroscopy of hard red winter wheat
	Microwave treatment accelerates solar timber drying
	Ethanol Yield of Corn Hybrids in Dry-Grind Corn Processing using Fourier-Transform Near Infrared Spectroscopy
	The effect of particle size on sensing phosphorus by Raman spectroscopy
	Near-infrared Spectroscopy for On-line Real-time Monitoring of Milk Quality: Spectrum Analysis by Principal Component Analysis
	Feasibility on the quality evaluation of agricultural products with terahertz electromagnetic wave
	Detection of feces / ingesta contaminants for sanitation verification at slaughter plants
	Exploratory Spectral Analysis Using Genetic Algorithms
	Monitoring sediment concentration at a low-water stream crossing using an optical sediment sensor
	Automatic individual precision feeding systems for dairy cows:  Observations and simulation of facility usuage

	234  Applications and Advances in Numerical Methods
	A Mass Conservative Algorithm for Simulating Saturated-Unsaturated Flow in Porous Media
	Modelling Phosphorus Transport: Conceptual and Representational Models
	Analysis and Solution of a Bicontinuum Transport Model
	Modeling and Solution of Bioagent Movement
	Controlling physiological responses of horses as a basis for performance improvement
	Stem diameter variations of cotton under deficit irrigation

	235  Sensors for Automation and Robotics
	Automated Corn Plant Spacing Measurement at Early Growth Stages Using Active 3D Computer Vision
	Segmenting fruit from video images using background modeling
	Development of a renewable power system for an autonomous field robot
	Real-time synchronization of two parallel machines
	Stereological estimators of the number of blossoms and fruit on trees using image analysis
	Online Sensing the Mechanical Impacts of Real Perishables During Handling
	Hortibot:  An accessory kit transforming a slope mower into a robotic tool carrier for high tech plant nursing - Part I
	Studies in the Optimization of Harvesting Motion Mechanics using a 7-DOF manipulator and a 6-axis Force/Torque Sensor
	Biorobotics in Seedling Propagation (Development of Planting Machine for Lobelia and Verbena seedling

	311  Emerging Information Technologies
	Developing Object-Oriented Simulation Models with .NET Framework
	Quality Classification for Maple Syrup Using E-Noses
	Phytosampler   A Handheld Support System to Facilitate Sampling, Measurement and Mapping of Plant Canopies
	An Overview of the Architecture for Centralized Management of Decentralized Wastewater Systems
	Development of Agricultural Watershed Management System for Hydrologic and Water Quality Data Management and Analysis
	Influence of Spatial and Temporal Scales on Performance of Saturated Subsurface Flow and Transport Models
	Neural Network as a Prediction Tool in Agricultural Variables
	Positioning with wireless sensor technology
	Software Design for Wireless In-field Sensor-based Irrigation Management

	312  Bioimaging and Machine Vision for Food Safety, Quality and Processing - Part 1
	Fuzzy Logic-based Differentiation Imaging System for Systemically Diseased Chicken Detection
	Detection of Pecan Weevil Larvae in Pecan Nutmeat Using Multispectral Imaging
	Effectiveness of PL filtering image with halogen lamp for agricultural products
	Three dimensional seed shape and size measurement with orthogonal cameras
	Dimension Measurement and Fissuring of Rice Kernels
	Dual Energy X-ray Image Analysis for Classifying Vitreous Kernels in Durum Wheat

	313  Bionanotechnology for Agriculture, Food, and Healthcare
	335  Electromagnetic Sensing
	Plant Biomass Estimation Using Dielectric Properties
	Temperature, Density, and Moisture Dependence of Dielectric Properties of Grain and Seed Microwave Frequencies
	Unified Algorithm for Microwave Sensing of Moisture in Grain and Seed
	An inexpensive noise robust circuit for the detection of microsecond flourescence lifetimes

	336  Bioimaging and Machine Vision for Food Safety, Quality and Processing - Part 2
	Hyperspectral Imagery used to Assess Fungal Growth on Corn Kernels
	low cost color image based sorter for grains
	Magnetic Resonance Imaging Analysis of Moisture Migration in Rice Kernels
	Sensitivity Analysis of Machine Vision Algorithms to Foreign Matter in Wheat
	Fruit Shape Detection Based on Multi-scale Level Set Framework
	The development of an automatic measurement system of outward appearance features for grafted tomato seedlings


	STRUCTURES & ENVIRONMENT
	110  Bulk Solids Storage
	A Theoretical Model for Predicting Vibration-Induced Loads
	Experimental Tests to Validate Numerical Models in Silos Design
	Improving Solids Flow in Bins and Hoppers Using the Diamondback Hopper
	Segregation in Blended Fertilizers
	Uniformity evaluation of different filling methods for deposition of powders in containers
	Development of the circular, corrugated, galvanized steel grain bin
	Model development and verification of simultaneous powder deposition in three parallel-oriented cylindrical containers

	111  Environmental Impact on Animal Well Being
	Construction of a Low-Cost GPS Herd Activity and Welfare Kit (GPS HAWK) for Livestock Monitoring
	Development of Novel Method to Remotely Monitor Water Consumption in Ruminant Livestock
	A Review of Current Housing Schemes for Laying Hens
	Study on ventilation system of naturally ventilated broiler house by aerodynamic approach
	Assessing thermal comfort of broiler chicks during brooding
	Relationship between skin temperature and behaviour of growing pigs
	Evaluation of the thermal comfort of goats reared in deep bedding systems in the southeast of Brazil
	Tolerance of Atmospheric Ammonia by Laboratory Mice

	112  Controlled Environment Plant Production Systems
	Automated Irrigation Control Using Feed-Back Moisture Sensors in a Gravity-Independent Crop Production System
	A Comparison of three Treatment Systems for the Suppression of Pythium aphanidermatum in Continuous Production of Hydroponic babyleaf Spinach
	The Impact of Modified Atmosphere Treatment for Arthropod Pest Control on Plant Health
	A Hybrid Hydroponic and Aquaculture System
	Growth of three dwarf corn under spectrum enhanced high intensity discharge lamps in a controlled environment

	113  Technologies for Characterizing and Mitigating Emissions from Fugitive Sources
	Dust Emissions From Cotton Farming Operations
	Evaluating the Use of Reference Evapotranspiration Data as an Estimator of Feedyard Evaporation
	Hydrogen Sulfide Emissions from Beef Feedlots & Dairy Corrals in the Southern Great Plains
	Aerobic Biofilter Performance Monitoring for Gas Treatment of Headspace above Slurry in Swine Manure Holding Tanks
	National Assessment of Methane Emissions from Livestock and Poultry Manure

	114  Dairy Housing and Management
	Determination of Optimum Pre-Engineered Steel Freestall Configuration
	Developing a Sustainability Master Plan for a Large Organic Dairy
	Compost barns: an alternative dairy housing system in Minnesota
	Florida Tunnel Ventilated Freestall Barn Case Study
	Comparison of High Volume Low Speed (HVLS) vs. Conventional Fans in a Free Stall Dairy Barn in a Hot Humid Climate
	Design Information for Housing Special Dairy Cows
	Water Use and Savings on a Dairy Farm
	Factors Affecting Milking Parlor Selection for a New Dairy Facility
	Automatic cow health measurement system in a milking robot.

	134  Structures & Environment Division Poster Session
	Developing Landowner Confidence in the Practice of Animal Mortality Composting
	Recovery of Malodorous Livestock Odors and Gases From Tedlar Sampling Bags Using Olfactometry and Thermal Desorption Tubes
	Assessment of Animal Waste Application Management on NPS load from Watershed using SWAT model
	A Regenerating Scrubber for Reducing Animal House Emissions
	Enhanced Nitrification of ammoniacal-N in Dairy Manure using Immobilized-cell Technology
	Assessment of Physical and Chemical Characteristics of Bottom, Cyclone, and Baghouse Ash from the Combustion of Manure
	Odor Control via Reduction of P-Cresol in Waste Management Lagoons Using Horseradish Peroxidase - Laboratory Studies
	Odor Control via Reduction of Indole in Waste Management Lagoons
	pH Adjustment of Swine Manure for Struvite Precipitation
	Evaluation of Cost Effective Methods for Measuring Runoff Volume from Vegetative Treatment Areas
	Water Quality Impacts of Deep Row Biosolids Incorporation on a tree farm
	Engineering evaluation of a composting system for bio-containment and safe emergency disposal of infectious animal carcasses
	Composting and land application of anaerobic digestion residual solids
	Areation Requirement for odor control of liquid swine manure determined by the manure solids content
	A Model to Estimate Ammonia Loss Following Application of Animal Manure
	Composition of Animal Manure Compost and Utilization Implications
	System design for CNMP and NPDES permit application for the U.S. Meat Animal Research Center
	Application of soil salinity monitoring methods to manure management sites
	Vegetative treatment area geospatial nutrient distribution after eight years of operation
	Surficial oxygen transfer rates into treatment lagoons based on charateristic wind speed destributions
	3-D Numerical Simulation of Biogas Production for Low-Solid Swine Anaerobic Digesters
	Aerobic composting of swine manure solids mixed with cotton gin waste
	ASBR Modeling and Startup
	Comparison of Carcass Compost Recipes Used to
	Corrosion of Mortar Coverings Used In Structures of Management Exposed to Swine and Bovine Wastes
	Determination of thermal properties of compost bulking materials by using various methods
	Development of an evaporative-runoff model for cattle feedlot pens
	Engineering Technologies to Manage Pathogen Reduction in Biosolids
	Evaluation of the methane concentration in biogas produced from dejections of milk goats submitted to different diets
	Ammonia Speciation in Anaerobic Digesters
	Measuring Ammonia Emissions from Hog Anaerobic Lagoon Effluent Applied with Traveling Gun and Drag Hose Systems
	Rheology and Flowability Properties of Liquid Dairy and Swine Waste
	Study of Efficiency of Vegetative Filter Strips in Removal of Bacteria
	Use of Dissolved Air Flotation for Seperating Poultry PRocessing Effluent
	Vegetated Treatment Areas to Utilize Feedlot Runoff
	A Continuous Process to Remove Phosphorus from the Swine Wastewater Forming Struvite
	Dust Spatial Distribution and Emission in Three Different Kinds of Chicken House in Beijing
	Development of a Software for the Design of Ventilation and Evaporative Cooling Systems in Climatized Avian Facilities
	Diagnosis of the air quality (NH3 and CO) in the production of  broiler chickens in avian facilities half-climatized by negative and positive pressure, in the winter, at the south of Brazil
	Microclimate and Gas Emissions in Cold Uninsulated Dairy Buildings
	Energy analysis of a new swine building using geothermal system
	Implement Of Animal Building Temperature Fuzzy Control System
	Monitoring of ventilation rates of swine finishing barns using direct and indirect methods
	Spatial distribution of ammonia concentration in a swine finishing building in Illinois
	Spatial Distribution of Dust Concentration and Particle Size Distribution in a Swine Finishing Building in Illinois
	Numerical simulation of airflow and contaminant spatial distribution in a swine finishing building
	Ventilation and Cooling Systems in Intensive Rabbit Houses of Northern Italy
	Determination of Ammonia and Odor Released from Animal Building Dusts

	211  Sustainable Building Technology
	Appropriate Elevated Flooring Systems for Hot-Humid Climate Regions
	Imperial Straw Bale House
	Shear Strength of Diaphragms Predicted from Test Results
	Post-Frame Buildings in the Pacific Northwest

	212  Controlling the Environment in the Greenhouse
	Numerical considerations and benchmark problems for CFD modeling of greenhouse ventilation rates
	Determining Pressure Coefficients for Natural Ventilation Purposes by Computational Fluid Dynamics Modeling
	Using CFD to Model Greenhouse Floor Heating Systems
	Air Exchange Rates in a Naturally Ventilated Greenhouse Using Different Vent Configurations
	Study of Efficient Lighting Periods Based on Plant Stoma Reaction
	Target Irradiance Criteria for Supplementary Lighting Systems in Greenhouses
	Internet Connected Digital Control and Data Acquisition System for Greenhouse Applications
	Ambient Ozone Concentrations Measured in FLoricultural Greenhouses
	Study of Crossbow Wireless Data Acquisition and Control for Greenhouse Operations

	213  Air Quality Modeling - Part 1
	Evaluation of the Box Model for Emission Factor Development
	A Review of Emission Models of Ammonia Released from Animal Feeding Operations
	Comparison of Odour Dispersion Predictions between CFD Model and CALPUFF Model
	Estimating Seasonal Ammonia Downwind Concentrations from Open-lot Dairy in Central Texas
	Statistical Modeling of Ammonia Emissions from Poultry Layer Facilities
	Process based model for ammonia emissions from manure storage structures and anaerobic treatment lagoons.
	Modeling ammonia emissions from urine puddles

	214  Agricultural Waste Management - Mini Symposium
	Evaluation of a Phosphorus Crystallizer to Treat Potato Processing Wastewater
	Automated magnesium injection system for optimized struvite precipitation in swine manure slurries
	Ammonia Recovery from Swine Belt Separated Liquid
	Reducing Emissions from Liquid Manure Storage Facilities with Saccharose Œ individually and combined with Cover Materials
	Recommendation for anaerobic lagoon design based on surface organic matter loading rate and a complex sludge accumulation model
	The Leakage Rate of Liquid Animal Waste
	Estimation of Sludge Accumilation in Lagoons

	215  Case Studies in Ventilation Systems
	236  Agri-Industrial Facility Design and Operation
	Design Considerations for the Construction and Operation of Ethanol Manufacturing Facilities, Part I: Planning, Structural, and Life Safety Considerations
	Design Considerations for the Construction and Operation of Ethanol Manufacturing Facilities, Part II:  Process Engineering Considerations
	Design of Pesticide Handlng Facilities
	Evaluation of the efficiency of different types of covering on the thermal environmental variables in avian facilities
	Foundation Design for Manure Tanks on Soft Estuarine Sediments
	Light Gage Steel Frame Buildings
	Greenhouse Facility Systems Design
	Methodology for analysis of projects of intensive finishing phase beef cattle production systems
	Methodology for analysis of projects of intensive swine production systems
	Development of single screw shaft mounted round-bottom container type waste cotton use mushroom substrate natural fermentation and sterilization machine for oyster mushroom

	237  Greenhouse Technology Applications
	Study on ventilation efficiencies of naturally ventilated multi-span greenhouses
	Effects of Buoyancy and Wind Direction on Airflow and Temperature Distribution in a Naturally Ventilated, Single-Span Greenhouse using a Wind Tunnel
	Development of an aerodynamic model for studying internal greenhouse climate and crop transpiration
	Microclimate prediction in a greenhouse using Back-Propagation Neural Network (BPNN) model
	Influence of Heating Pipe Placement on Microclimate of Greenhouse with Raised-Trough Production System
	Greenhouse Heating with Geothermal Heat Pump Systems
	Geothermal Heating of Greenhouse and Aquaculture Facilities
	The Effects of Fertility, VWC Targets, Choice of VWC Sensors and pH Modification on Biomass Production of poplar trees

	238  Air Quality Modeling - Part 2
	A Comparison of WindTrax and Ausplume for Backcalculating Hydrogen Sulfide Emission Rates From Open-Lot Beef Cattle Feedyards and Ponds
	Hydrogen Sulfide Dispersion, Summary of Model Farms
	Calibration of an Odor Dispersion Model
	Seasonal and Diurnal Odour Emissions From Swine Manure Storage Basins
	Modelling Heat and Mass Transfer in Imperfectly Mixed Fluids
	Estimation of measurable error caused by residual odor in sampling bags

	239  Agricultural Waste Management - Mini Symposium
	Economics of Manure Phosphorus Distribution from Beef Feeding Operations
	Combustion-Fuel Properties of Manure or Compost from Paved vs. Unpaved Cattle Feedlots
	Potential Biomass Production from Recycled Wastewater
	Non-basin technologies for open feedlot runoff: project design and monitoring for five commericial beef feedlots
	Swine Anaerobic Lagoon Nutrient Concentration Variation with Season, Lagoon Level, and Rainfall
	Evaluation of Anaerobic Digestion, Mechanical Liquid-Solid Separation and Electrocoagulation for Dairy Manure Treatment
	Manure Slurry-Enriched Seeding of Biosuppressive Covers Using a Subsurface Deposition Applicator

	240  Recent Trends and Innovations in Swine Housing
	A New Housing System for Grower-Finisher Pigs to Separate Feces from Urine and to Reduce Odour  and Ammonia Emissions
	A Water Spray Treatment Method to Reduce Exposure to Hydrogen Sulfide in Swine Buildings
	Manure separation efficiency and emissions from a commercial swine building equipped with a V-shape scraper system
	Infrared Thermography Evaluation of Commercially Available Infrared Heat Lamps

	314  Technologies for Characterizing and Mitigating Emissions from Stationary Sources I
	A Novel Approach to CAFO Odor Assessment: Odorant Field Collection by Sorbent Tube / Thermal Reconstitution in the Laboratory
	Real Time Air Monitoring for Ammonia, Hydrogen Sulfide and Phenol at AFO's and CAFO's
	Use of CO2 Concentrations to Estimate Ventilation Rate and Emissions from Commercial Broiler Houses
	Characterization of odor from livestock and poultry operations by the hedonic tone
	Wireless Technology for Air Quality Sensor Networking
	Monitoring of Ventilation Fan Motor Operation with Induction Operated Current Switches
	Improvements in Ventilation Monitoring
	A New Wind Tunnel for Aerosol Sampling Studies

	315  Particulate Matter Emission Factors and Abatement Strategies
	Analysis of Outlet Concentrations from 1D3D Cyclones Over a Range of Inlet Loading Concentrations.
	Comparison of Particle Sizing Instruments for Measurement of Air Emissions from Agricultural Operations
	Development of a PM10 Emission Factor for Hybrid Dairies
	Effects of Cyclone Diameter on Performance of 1D3D and 2D2D Cyclones
	Evaluation and Improvement Potential of Feedlot Dust Control Using Sprinklers at Wallula, Wa
	Particle Size Distribution of PM Emitted from Cotton Harvesting
	Use of Particle Size Distributions When Determining PM-10 Concentrations for Animal Feeding Operations

	316  Dairy Manure Management - Part 1
	Procedures for Evaluating Un-designed Earthen Manure Storage Facilities in New York State
	Drying Dairy Wastes for Organic Fertilizer Applications
	Parametric Studies for a Heat Transfer Model of an Anaerobic Digester
	Effects of Solid Dairy Manure Bulk Density on Gaseous Emissions during Storage
	Evaluation of Selected New Technologies for Animal Waste Management
	Manure management program for California's Central Valley dairies
	Characterization of Dairy-derived Biogas and Biogas Processing
	Farm Management Challenges in Operating Dairy Manure Anaerobic Digesters

	317  Biomass for Heat and Power Generation
	Status and renewable energy impacts of biomass power generation in California
	Characterization of Feed Streams and Emissions from Biomass Gasification/Combustion at Fuel Ethanol Plants
	Feasibility of a Dedicated Power Generating System in a Cotton Gin Fueled by Cotton-By-Products
	Integration of Gasification for Processing Biomass Residuals
	Heating of Greenhouse with Biofuel Pellets
	Analysis of Dairy Biomass Properties for Use in Thermo-Chemical Conversion Technologies
	Successful Poultry Litter-to-Energy Furnace Developed
	A Conceptual Comparison of Biopower Generation Options

	318  Wind Power Development Principles
	337  Technologies for Characterizing and Mitigating Emissions from Stationary Sources II
	Effects of Heavy Application of Litter Amendment on Broiler House Ammonia Emissions
	Reduction of Ammonia Emission from Stored Poultry Manure Using Additives: Zeolite, Alum and Ferix-3
	Comparison of Three Measurement Techniques for Determination of NH3 Emission Flux from Broiler Litter
	A Comparison of Sulfur Dioxide Concentrations in Exhaust Gases of Biodiesel Blends
	Minimizing pit emissions from pig barns to optimize ""catch and treat"" mitigation technologies like biofilters
	Demonstration of Straw Filter for Emissions from Mushroom Substrate
	Biodegradation Kinetics of Aldehyde Gas Mixtures

	338  Dairy Manure Management
	Design of animal slurry manure field spreading machine model suited to small scale crop production farms
	Feasibility of Digesting Sand Laden Dairy Manure
	Sequencing Batch Treatment of Milk house Wastewater
	Economic Analysis Model for a Centralized Anaerobic Digestion System
	Reduction of Lagoon Loading by Solid Waste Separation using a Stationary Inclined Gravity Screen
	Phosphorus Reduction in Dairy Effluent through Flocculation
	Anaerobic Digester System Monitoring Projects in New York State - an update
	Improving the economic viability of anaerobic digestion


	ERGONOMICS, SAFETY & HEALTH
	115  Technologies for Farmers and Ranchers with Disabilities
	Development and Validation of a Self-Assessment Tool for Hazard Identification in Tractor Cabs with Modified Controls
	Safety and Standards Considerations When Modifying Machinery Controls
	Development of New Harvesting Equipment for Disabled Aquaculture Growers
	A Proposed SAE Standard for Access Systems on Off-Road Machines for Workers with Disabilities
	Evolution of 'The Toolbox' Assistive Technology Manuals and Database for Agricultural Workers with Disabiliities
	Strategies for Dissemination of Information on Technologies for Farmers with Disabilities
	Undergaduate Engineering Student Experiences with Assistive Technology Design

	135  University Curricula for Agricultural Safety and Health
	Online Safety and Ergonomics Course for Nontraditional Students in the M.S. Agricultural Operations Management Program
	Promoting Safety through Economics Education
	Teaching Management of Safety and Health Issues in Agriculture and Rural Business

	216  Advances in Safety Technology
	An Approach to Evaluate Potential Mismatches between Children Anthropometric Characteristics and Tractor Operational Requirements
	A Reinforced Polymer Hammer Cap for Eliminating Metal-to-Metal Contact and Reducing Hand-Transmitted Vibration
	Development of an Approach for Assessing the Effects of Stooped Agricultural Work on the Lower Back Spinal Issues
	Development of an Ergonomic Solution for Agricultural Weeding Practice
	Ergonomic Evaluation of Tractor Cabs

	241  Safety and Health and Emerging Technologies for Agriculture
	Impact of Tractor Safety Requirement on ROPS Standards and Technology
	Effects of Cutting Height and Pruning Method on Muscle Activities and Force Production during Simulated Winegrape Vine Pruning
	Development of Ergonomic Solutions for Bucket Handling on Farms
	In depth investigation of agricultural machinery injuries: an extensive study of machine design and human factors
	Comparison of Simple Shape Measures and Fourier Descriptors as applied to the Identification of High-injury-risk Glass Contaminants in Horticultural Peat
	Noise Exposure in Cow Houses - Hazard to Farmers and to Animals?
	Liberty Tube : Engulfment Rescue Device
	H2S Emission Rates and CFD Modeling of H2S Decay in Manure Storages during Forced Ventilation


	FOOD & PROCESS ENGINEERING
	116  Physical Properties of Agricultural Products in Relation to Processing
	Effects of development on texture and cutting quality of small radishes
	Effects of Species and Ratios on Physical and Chemical Properties of Polished Adlays Extrudates
	Image Processing to Create a Realistic 3D Model of Apple Based on Its Slices
	Rheological Properties of Batter Systems with Hydrocolloids
	Some Physical and Aerodynamics Properties of Three Nigerian Cereal Crops as Related to Their Cleaning
	Temperature-Dependent Behavior of Microwave Dielectric Properties of Bound Water in Grain
	Test for Success
	Determination of Morphological and Textural Features of a Sample of Rice Grains using Digital Image Processing (DIP) Technology

	117  Rice Storage and Processing
	Development of a System for Fine Cleaning of Rough Rice for High-Quality Storage
	Drying Rates of Thin Layer Rough Rice Drying Using Infrared Radiation
	Power Ultrasound Enhanced Soaking and Gelatinization Procedure for Rough Rice Parboiling
	Rough Rice Fissure Resistance- Correlating Measured Fissuring with Simulated Internal Moisture Gradient.
	Quality of Long-Grain Rice Dried by High Temperature Fluidization
	Determination of Maximal Percent Points of Moisture Removal With or Without Tempering during Rough Rice Drying
	Development of dried yield rate tester for wet rice with kernel husk ratio
	Optimum Strategy for Whole Longan Drying
	Determination of Moisture Diffusivity of Parboiled Paddy by Thermogravimetric Analysis

	118  Food Safety Engineering
	Predicting the Survival of Escherichia coli O157:H7 in Dry Fermented Sausage using Artificial Neural Networks
	Aqueous Ozone Treatment for the Decontamination of Small Fruits
	Date syrup affects on fungal counts by its own antimicrobial components
	A Systems Approach to the Identification of Problems in the Application of Radio-Frequency Identification (RFID) to Meat Traceability: A Case Study
	Study of high intensity electric field for liquid food pasteurization
	Ohmic Heating for Milk Pasteurization
	The effect of Power Direct Ultrasound On Microbial count of Date syrupound
	Yeast Detection in Apple Juice using Raman Spectroscopy

	119  Biofuels Development Research - Part 1
	Analysis of Shelled Corn as an Agri-Fuel - Direct Combustion vs. Ethanol
	Performance, Combustion and Emission Characteristics of Compression Ignition Engine Fueled with Ethanol Œ Diesel Microemulsions
	Experimental study of a Downdraft Gasifier
	Performance of a unique downdraft gasifier
	Gasification as remedial energy conversion strategy for saline irrigated biomass: downdraft gasification with Athel and Eucalyptus
	Dimethyl Ether (DME) Production for Liquid Fossil Fuel Displacement using Biobased Methane, Residues and Syngas
	Improving Quality and Quantity of Oil Produced from Direct Liquefaction of Biomass
	Thermalchemical conversion of swine manure to oil in a batch reactor
	Novel Catalytic Approaches for Bio-Oil Upgrading
	An Integrated Analysis Of Energy, Mass And Nutritional Balances Of An Integrated Biofuels And Dairy Feeding System In Wisconsin

	136  Drying, Storage, and Handling of Grains and Other Crops
	Modeling the Physical and Genetic Purity of the Food Corn Supply Chain from Producers to a Mass Flour Mill
	Effect of Airflow Distribution on the Performance of NA/LT in-Bin Drying of Corn
	Monitoring Carbon Dioxide Levels for Early Detection of Spoilage in Corn Stored in Large Tanks and Ground Piles
	Mycotoxin control during grain processing
	Parallel-plate sensors for measurement of moisture content in in-shell peanuts nondestructively.
	Optimization of a Continuous-Flow Dryeration System
	Large Portable Auger Throughput Analysis
	Durability and Breakage of Feed Pellets During Repeated Elevator Handling
	Commercial Harvesting and Drying of Milkweed Pods

	137  Microwave and Radio Frequency Heating in Agricultural and Food Processing
	Industrial-scale radio frequency treatments for insect control in in-shell walnuts
	Radio Frequency Drying of High Moisture Cotton
	Dehydration of in-shell peanuts using radio frequency energy with intermittent stirrings
	Vacuum radiant energy drying kinetics of alginate gel
	Quarantine Treatment on Mango using Microwave-Vapor Combined Process
	Radio Frequency Heating Patterns (in Fruit) as influenced by Dielectric Properties of Constituent Parts of Fruit
	Heating Uniformity Study on Packaged Foods Processed with Radio Frequency Energy
	Simultaneous heat and moisture movement during microwave heating of food
	Effect of Power Level and Pressure on Microwave Vacuum Drying Kinetics of Carrot Slices

	138  Sensing and Automation in Food Processing
	Intelligent Optical Sensor for In-Line Food Processing Applications
	Prediction of marked age of Chinese rice wine based on Fourier transform near infrared spectroscopy
	Non-contact weighing of animals by machine vision
	Application of Polarized Light to Investigate and Characterize Food Emulsions and Foams
	Opto-Electronic determination of insect presence in fruit
	Real-time x-ray detection and sorting of olives damaged by fruit fly
	Rotary Tray for Machine Vision Inspection of Whole Eggplant Fruit

	139  Biofuels Development Research - Part 2
	Nitrogen and sulfur concentrations and flows in corn wet milling streams
	Starch Fermentation Characteristics for Different Proportions of Amylose and Amylopectin
	3. Effect of B vitamin and lipid supplementation to improve fermentation characteristics of the modified dry grind process: application to high gravity fermentations.
	Fermentation of Syngas to produce Ethanol
	Biological Conversion of Synthesis Gas to Ethanol using Resting Cells
	In-Field Production of Ethanol from Sweet Sorghum
	Potential of TemuloseTM for Ethanol Production
	Hydrogen production from organic matter using electrochemically assisted microbial reactors
	Nanoparticles Production from Glycerin via Electrospray and Size Measurement

	146  Post Harvest Tracking of Fruits and Vegetables Using RFID Technology
	217  Physical Properties of Biobased Products
	Chicken Egg Texture Index of Combinatorial Impact Parameters
	Effect of die dimensions on extruder performance and extrudate properties for distillers grains-based feeds
	Effect of Flow Agent Addition on the Physical Properties of DDGS with Varying Solubles Percentages
	Factors Affecting Strength and Durability of Densified Products
	Leaf Area Meter Development using Photovoltaic Panel and Testing
	Water sorption isotherms and thermodynamic properties of hydrogels dried at different drying methods
	Effect of cutter speed on the quality characteristics of legume extrudates
	Effect of screw speed and feed moisture on the residence time distribution of legume formulation in a twin screw extruder

	218  Postharvest Organic or Non-Chemical Quality Control of Crops and Feeds
	Grain residuals and time requirements for combine cleaning
	Non Destructive Quality Control of Rice by Image Analysis
	Ozonation: A Non-chemical Alternative for Control of Stored Product Pests and Molds in Organic Food Grains
	Modeling Airflow in Outdoor Grain Pile Aeration Systems Using Computational Fluid Dynamics Software
	Physical Exclusion Tactics for Control of Pests in Stored Organic Food and Feed Grains
	Simultaneous Rough Rice Drying and Disinfestations with Infrared Radiation
	New methods for UV Treatment of Milk for Improved Food Safety and Product Quality
	Modeling the Cooling of Potatoes in Cold Storage under Variable Storage Air Temperature using the CFD
	Isolation of Starch and Protein from Chickpea Flour Using a Hydrocyclone and Isoelectric Precipitation Method

	219  Emerging Technologies in Food Processing
	Application of computer vision and chemical marker M-2 yield for evaluating the sterilization process in food industry
	Study of Strawberry Dehydration using Sequential Infrared Radiation and Freeze-Drying
	Modeling of Textural Changes in Beef Loins Subjected to Hydrodynamic Pressure Treatment
	Smart active labels as a tool for improved shelf life prediction along the postharvest chain of fresh produce
	In situ Food Microstructure Evaluation Using Confocal Microscopy
	Thermal Responses of Pulsed UV Flashes in Transparent, Translucent and Opaque Materials
	Walk-through Weighing of Pigs by Machine Vision and Neural Networks
	Temperature Assured Refrigeration of Food Products
	Drying of Edamames by Hot Air and Vacuum Microwave Combination

	220  Biorefineries Barriers to Development
	242  Food & Process Engineering Institute Division Poster Session
	Microwave Pyrolysis of Biomass
	A Comparison and Joint use of VIS-NIR, MIR and Fluorescence Spectroscopic Methods for Differentiating between Manufacturing Processes and Sampling Zones of Ripened Soft Cheese
	Assessment of Color Development Due to Twin-Screw Extrusion of Rice-Glucose-Lysine Blend Using Computer Vision
	Computer Vision and Chemical Marker M-2 Yield with Whey Protein Gels- An Advance Method to Locate Cold Spots
	Enhancing the Accuracy of Projected Areas for Machine Vision Based Weighing of Hogs
	Detection of Foreign Material in Agricultural and Food Products by Electrical Impedance Tomography
	Implementation of a Technique Using Reflectance Spectrum of NIR to Sort Tomato Fruits by Sugar Content
	Evaluation Methods for Electronic Tongue Applications
	Microencapsulation of multiple-layer emulsion with high-voltage electrostatic field
	Measurement Methods of Viscoplastic Materials
	Rheological Properties of Chocolate Mass Measured by Different Methods
	Study of Rheological Properties of Mexican Cheeses
	Study of Water Diffusion between Bread and Cheese
	Thermal Properties of Rice Flour
	Reaction Kinetics of Color Development in an Extrusion-Cooked Model System
	Functional Properties and Microstructure of Micronized Potato Starch
	Segregation during gravity-driven discharge of distillers dried grain with solubles (DDGS)
	Influence of apple variety on the contamination of patulin in apple fruits and apple juice concentrate
	Analysis of diesel engine exhaust fueled with blends of Biodiesel and Ethanol
	Harvest, Collection, and Storage Options for High Volume Cereal Straw Feedstock Assembly
	Integrating Biomass Feedstock with the Exsisting Grain Handling System for Biofuels
	Antioxidative and Antibacterial Effects of Peanut Skin Extract in Select Food Models
	Development and Evaluation of Solar Air Heaters for Drying of High Moisture Paddy
	Effect of Temperature and Moisture Content on Shelf Life of Paddy
	Effect of Temperature Management on Natural Infestation Levels and Confined Popularions of Red Flour Beetle and Maize Weevil in Stored Corn - Summer 2006 Pilot Bin Trials
	Effects of the Fraction of Evaporator Bypass Air on
	Monitoring Grain Storage with Relative Humidity, Temperature and Carbon Dioxide Sensors
	An Intelligent Controller for Grain Dryer
	Carbon Dioxide Gas Sorption by Paddy and Its Byproducts
	Physical and Cooking Properties of Aromatic Rice During Thin Layer Drying Process by Batch Type Dryer
	Mortality of Indianmeal Moth Under Changing Temperatures: Model Development and Validation
	Developing and Demonstrating Identity-Preserved Protocols for Grain Production in Kentucky
	Feasibility of Ground Loop Systems to Provide Condition Air for Summer Aeration
	Investigation into Grain Dry Matter Loss During Field Drying of Corn
	Experimental Study on Preparation of Microparticles Using Supercritical CO2 Spray Drying
	Rough Rice Kernel Singulation Device
	Quality and Sorption Characteristics of Microwave-Vacuum, Air and Freeze Dried Mushrooms
	Vacuum Assisted Solar Drying of Tomato Slices
	Precooling Temperature's Influence on Energy Consume During the Process of Food Vacuum Cooling
	Sorption Characteristicsof Ocimum Sanctum: A Medicinal Herb Used for Cure of Diabetes
	Determination of Shelf Life of Milled Rice Stored at Different Temperatures
	Effect of Microwave and Combined Microwave-Convective Drying on Grinding and Particle Size Distribution of Green Field Peas
	A Review of the Models for Description of Whey Separation During Cheese Making
	Non-Thermal Microwae Effect on Enzyme Activity in Milk
	Table grape quality models for predicting product performance during postharvest distribution
	Quality of Medium-density Particleboard from Saline Eucalyptus
	Soy Protein Adhesive Performance Enhanced by Crosslinking
	Direct energy measurment systems for rotary biomass grinders
	Terminal Velocity Determination for Component Separation of Biomass
	Biodiesel Blen Effects in Advanced Diesel Combustion
	Base Catalyzed Transesterification of Soybean Oil Using Ultrasonication
	A High Shear-Rate Using Static Mixing Reactor for Biodiesel Preparation
	Value-Added Utilization of Crude Glycerol from Biodiesel Production:  a Survery of Current Research Activities
	Influence of Internal Baffles on Mixing Characteristics of Chopped Switchgrass in a Fluidized Sand Bed
	Thermochemical Conversion of Animal Wastes to Bio-Energy
	Producing Sustainable Hydrogen from Biomass Gasification Coupled with Water Gas Shift Catalysis
	Biological Hydrogen Production from Biomass and Agricultural Waste
	Effect of Pretreatment Severity on the Enzymatic Hydrolysis of Corn and Wheat Stover Fractions
	Mathematical Modeling of Enzymatic Hydrolysis of Starch:  Application to Fuel Ethanol Production
	Pretreatment of Sorghum Fiber for Enzymatic Hydrolysis
	Effect of Protease Enzymens on Dry Grind Corn Process using a Granular Starch Hydrolyzing Enzyme
	Effect of Hybrid Variablity on a Modified Enzymatic Dry Grind Corn Process
	Engine Lab Test Using Several Bio-Diesel Blends
	New Approaches to Improve Mulitspectral Scattering Profiles for Predicting Apple Fruit Firmness and Soluble Solids Content
	Unique Exhaust HC Species in Bio-fuels Combustion
	Structural Analysis of prismatic metallic silos

	319  Nondestructive Quality Measurements for Fruit and Vegetable
	A Frequency-based Firmness Tester for Solid Fruits and Vegetables of Ellipsoidal Shape
	Nondestructive evaluation of apple firmness by ultrasonic measurement
	Study on the Machine Vision System of Pear Quality Testing and Grading
	Apple quality evaluation using a neural network based electronic nose and zNose
	Nondestructive Detection of Internal Defect of Apple using Visible and Near Infrared Transmittance Spectroscopy
	Correlating honeydew melon quality with dielectric properties
	The Use of Ultrasound as a Non-Destructive Test for Popcorn Old Maids
	Application of Nir on Date Fruir Sorting

	320  Value-Added Food Processing
	Effect of Edible Coatings and Power Ultrasound on Oxidative Stability of Roasted Peanuts during Accelerated Shelf Life Testing
	Identification of Peanut Pods with Three or More Kernels by Machine Vision and Neural Networks
	Supercritical CO2 Extrusion Œ Opportunities for Food and Biological Processing
	Modeling Extrusion Processing of Aquaculture Feed Incorporating Distillers Grains
	Foam Fractionation of &#945;-lactalbumin and &#946;-lactoglobulin from a Whey Solution
	Bench scale heat exchanger fouling:Coated surfacs
	Whey Protein Fractionation Using A Multistage Ultrafiltration System
	Fractionation of the rice bran layer for value-added processing
	Value Addition in Jackfruit (Artocarpus heterophyllus Lam.)

	321  Biodiesel Issues
	Combined impact of biodiesel and exhaust gas recirculation on NOx emissions
	Evaluation of Selected Addivitives to Biodiesel to Reduce NOx and PM Emissions
	Effect of novel soy biodiesel with high oleic acid on engine performance and emissions
	Preparing to fuel with Biodiesel
	Moisture Distribution in Biodiesel and Its Fossil Diesel Blends
	An Update on Life Cycle Study of Soybean Oil Biodiesel Production
	Evaluation of a Heterogeneous Catalyst for Improved Biodiesel Production
	Biodiesel Production from Salmon Oil
	Karanja Biodiesel: As a Renewable Alternative Fuel for a Cleaner Environment
	Physical Property Measurement of Biodiesel Fuels for Low Temperature Combustion Modeling
	Storability of Diesel-Ethanol Blends
	On Farm Methods of Biodiesel Blend Detection

	322  Biomass Properties
	Physical properties relationship of bulk corn stover particles
	Flow Properties of Biomass Feedstocks
	Physical Properties of Pelletized Biomass
	Value of Distributed Preprocessing of Biomass Feedstocks to a Bioenergy Industry
	Wood structure and composition and pellet density
	Physical Properties of Particleboard Manufactured from Saline Creeping Wild Rye Residue of Anaerobic Digestion
	Determination of Optimum Extrusion Parameters in Compounding Flax Fiber-Reinforced Polyethylene Composites
	Fast biomass compositional analysis using Fourier Transform Near-infrared Technique
	Determination of kinetic parameters of thermal degradation of palm oil mill biomas using thermogravimetric analysis and differential scanning calorimetry
	Rheological and Thermal Properties of Salmon Processing Byproducts
	Characteristics of North American Meat & Bone Meal Relevant to the Development of Non-Feed Applications

	339  Advances in Food and Organic Waste Management and Utilization
	Study of Poultry Manure to Use in Agriculture
	Anaerobic Batch Digestion of Saline Biomass: Effect of Bulk Density on Biogas Yield
	Anaerobic Codigestion of Food Waste and Dairy Manure
	Cost effective anaerobic digestion for treating manure and food waste
	Thermophilic High-Solids Anaerobic Digestion of Sugar-Beet Tailings
	Physical and Chemical Properties of Distillers Dried Grains with Solubles (DDGS)
	Sorption Isotherms of Dried Distillers Grains with Solubles (DDGS)
	Fractionation Techniques to Concentrate Nutrient Streams in Distillers Grains
	Anaerobic Digestion Potential for Distillers Dried Grains with Solubles (DDGS)

	340  Biomass Feedstock Engineering Issues
	Analysis of Biomass Comminution and Separation Processes in Rotary Equipment - A Review
	Linear Knife Grid Application for Biomass Size Reduction
	Engineering High-Fidelity Residue Separations for Selective Harvest
	High-specified Separation of Biomass Materials by Sieving
	Volume Reduction Technologies for Transporting Poultry Litter
	Densification Characteristics of Corn Stover and Switchgrass
	Mechanical Properties of Selected Biomass Grinds
	Dynamic Simulation of Biomass Densification Process
	Analysis of transportation-logistics scenarios of corn stover to ethanol conversion using simulation

	341  Quality Detection and Postharvest Handling of Fruits and Vegetables
	Optical Scattering Property for Predicting the Fruit Quality
	Measurement of optical properties of apples by hyperspectral diffuse reflectance for assessing fruit quality
	Nondestructive determination of internal quality in clingstone peaches
	Study on the discrimination of pear variety by using near infrared spectroscopy
	Integration of hyperspectral reflectance and laser induced fluorescence for assessing apple maturity
	Detecting maturity of mango using hyperspectral imaging technique
	Analyses of Ripening Process in Tomatoes Using Chemical Shift Magnetic Resonance Imaging
	Bruise detection on tomatoes based on the light scattering images
	Vibration Characteristics of the Korean Pears in Corrugated Fiberboard Container for Packaging at Simulated Transportation Envirnment
	New Method for Determination of Cushion Curves of Packaging Cushion Materials for Agricultural Products.
	Suspended tray package for shipping soft fruit

	342  Food Engineering Education: Setting the Pace for Coming Years

	BIOLOGICAL ENGINEERING
	120  Challenges in Lignocellulosic Conversion
	Screening Protocol for Bioethanol Production from Lignocellulosics
	Pretreatment Optimization for Ethanol Production from Recycled Office Paper
	Dilute acid pretreatment and Enzymatic Hydrolysis of Saline Biomass for Sugar production
	Application of iodoform in corn stover BEPCS system
	Metabolic Model Development for Clostridium thermocellum: a thermophilic anaerobe capable of converting lignocellulose to ethanol
	Bioconversion of Lignocellulosic Waste from Tequila Manufacture into Valuable Bioplastics
	Effect of d-limonene on the fermentation of citrus peel waste
	Isolation and Adhesive Properties of Soybean Conglycinin Subunits
	Pretreatment methods for vermicomposting of poultry litter
	Testing a model of the effectiveness of an electric field at repelling earthworms from an organic media

	121  Application of Ecological Engineering
	Testing of Engineered Concrete for Biologically Dominated Coastal Restoration Mechanisms
	Assessment of ecological impacts of military maneuvers in training areas
	Methane Production and Water Quality Improvements in Agricultural Biodigesters in Costa Rica
	Effects of Wastewater Application on Poplar Trees
	Assessing the Use of Poplars for Hydraulically Controlling a Groundwater Plume
	Phytoremediation of fluorinated pollutants by duckweed
	Treatment of Dairy wastewater with an Ecological Treatment System

	140  Innovative Technologies for Organic Farming
	Engineering the biological control of the Colorado potato beetle with the predatory stink bug Perillus bioculatus.
	Exploring Brassicaceae-derived biofumigation for soil-borne pest management
	HortiBot: Application of Quality Function Deployment (QFD) Method for Horticultural Robotic Tool Carrier Design Planning - Part II
	Ridge tillage of organic row crops
	HortiBot: Comparison of potential present and future phytotechnologies for weed control- Part III
	Optimizing land application schedules for organic fertilizers
	Online Platform for Technological Innovations in Organic Farming

	141  Biosensors
	Biosensors for Detection of Foodborne Pathogens: A Review
	Rapid Detection of Bacillus Cereus as Model for Bacillus Anthracis
	Detection of Escherichia coli 0157:H7 in water using an Amperometric Biosensor
	Spatio-temporal Processing for Multi-Channel Biosensors Using Support Vector machines
	GaN Nanowire Microfluidic Sensor for Detection of Dissolved Aqueous Species

	221  Ecosystem Services: TMDL's, Habitats and Beyond
	Can We Use TMDLs to Clean Water and Restore Environmental Services in Managed Agricultural Ecosystems?
	Fish Passage Through Road Culverts
	North River: Case Study of a Category 4 TMDL - ""Impaired, but TMDL not needed""
	Robeson Creek: Implementing BMPs in a TMDL Watershed through Stakeholder Involvement
	Modified Field Techniques for Geomorphic Stream Assessment in TMDL Research

	222  Biological and Ecological Modeling
	Ecological Systems Analysis: The Modeling Problem
	Modeling Complex Agro-Ecosystems of South Florida
	Using a Range-Livestock Model to Estimate Maximum Cow-Calf Stocking Rates on a Mixed-Grass Prairie
	Modeling Growth and Wave Attenuation for Coastal Restoration
	A scenario-based, decision support system for integrating food security and ecosystem management in Jamaica.
	Development and Validation of Models Describing Compost Decomposition Upon Amendment to Soil and Associated Phytotoxicity
	Physical Stability and Survival of Microorganisms Stored in Water-in-Oil Emulsions
	Biomechanics of Manual Sugar Cane Harvesting
	Plant Electromagnetic Energy Growth Theory
	The effect of light quality on the growing characteristics of in vitro cultures of Phalaenopsis
	Detection of Environmental Stress of Plant by Three Temperatures Model

	223  Biological Engineering Standards Roundtable Discussion
	243  Biological Engineering Division Poster Session
	Development of SAW biosensor to detect Salmonella using antigen-antiboby binding
	Phosphorus Loss from a Beef Cattle Ranch in the Lake Okeechobee Basin
	Immobilization of uranium (VI) in structured saprolite with microbial U(VI) reduction
	Fifty-five years of Agricultural Engineering at North Carolina Agricultural & Technical State University
	The Studies of Thermophilic, Non-Anaerobic Microbial Community of Composts
	Amylase Production on Sweet Potato in Solid Substrate Cultivation
	Design and Instrumentation of a Dual-stage Gasification System for Specific Synthesis Gas Composition
	Saccharification of Sweet Potatoes for the Production of Ethanol
	Evaluating Non-composted Grain Substrates for the Production of Agaricus bisporus and Agaricus blazei Mushrooms
	Studying the Kinetics of Microbial Pretreatment of Cotton Stalks by Phanerochaete chrysosporium
	Subcritical Water Pretreatment of Cotton Stalks for the Production of Ethanol
	The Influence of Biomass Harvest Date on Ensiled Corn Stover Quality
	Effects of freezing, drying and refrigerated preservation on subsequent ensilage of corn stover biomass
	Production of Pecan Shell-based Activated Carbons: Process Optimization for Efficient Water Purification
	Pyrolysis characteristics and kinetics of corn stover studied by differential thermogravimetry
	Liquefaction of Corn Cobs with Supercritical Water Treatment
	Matrix Attachment Region Increased Reporter Gene Expression in Stably Transformed Dunaliella salina
	A Novel Method for Microencapsulation of Protein Drug Using High-voltage Electrostatic Field System
	Improve Plant-Made Pharmaceutical Production Through Upstream Biological Engineering
	Feasibility study of including polyethyleneimine precipitation in a process for beta-glucuronidase purification from transgenic tobacco
	Nisin Production by Immobilized Cell Culture during Batch and Fed-Batch Fermentations with Various pH Profiles.
	Recovery of nisin produced in biofilm reactor.
	Production of Succinic Acid by Metabolially Engineered Escherichia coli
	Separation and recovery of lactic acid from fermentation borth using nanofiltration membrane
	Fatty Acids and Surfactants as Growth Promoting Factors for Bifidobacteria and Lactobacillus reuter
	Application of Ascorbic Acid and Palmitoryl Ascorbate to Inhibit the Growth of Salmonella and E. coli O157:H7 in Laboratory Medium
	Antimicrobial Effect of Lactic Acid Alone or in Combination with Caffeine and Copper on Growth of Escherichia coli O157: H7 in Laboratory Media.
	Effect of Different Spices on Growth Organic Acid Production and Antibacterial Activity by Bifidobacterium longum.
	Antibacterial activity of chives against Salmonella in culture medium.
	Preparation of activated carbons from North Carolina agricultural by-products by phosphoric acid.
	Development of a biosensor for breath analysis and monitoring applications
	A Study on Processing Flax Fiber-reinforced Polyethylene Biocomposites by Injection Molding
	Effect of peroxidase system from white rot fungi on biological liquefaction of crop residues
	Optimization of fermentation conditions on the production of Xylitol by Candida tropicalis
	A Microbial Fuel Cell Coupling Anaerobic Degradation of Agricultural Lignocellulose Wastes to Electricity Generation
	Applications of antibody-based biosensors to pesticide residues monitoring
	Rapid Detection of Escherichia Coli O157:H7 Using Piezoelectric Immunosensor
	Multi-array biosensor for pathogen detection based on nano-scale porous silicon
	Detection of Escherichia coli O157:H7 using a QCM Immunosensor with Nanoparticle Amplification
	Design, Construction and Evaluation of a Portable Biosensor for Rapid Detection of E. coli O157:H7
	Performance of the Indium Tin Oxide - Polyaniline Biosensor for Bovine Viral Diarrhea Virus Detection
	Olive trees transpiration rates in Southern Porrtugal
	Characterization of human breast epithelial cells by FTIR and Confocal Raman microspectroscopy for cancer diagnosis
	Sensing of the Insecticide Carbamate Pesticides by Surface Plasmon Resonance
	Enzyme Immobilized Biosensor for Lactate
	Analysis and Control of Gene Expression with Photoactivatable Nucleic Acids

	323  Innovative Remediation Technologies
	Catalytic Ozonation of Propanal using Metal Nanoparticle Impregnated Carbon
	Enhanced Air Pollution Control by Coupling Catalytic Ozonation and Biofiltration
	Reductive Detoxification of Chlorinated Dioxin and Furan Contaminants as a Bioremediation Approach
	Evaluation of Reciprocating Water Technology for Treatment of Dairy Lagoon WaterEvaluation of Reciprocating Water Technology for Treatment of Dairy Lagoon Water
	Pervious Concrete for Solid/Liquid Separation and Waste Remediation

	324  Environmental Bioconversion Processes
	Conversion of Landfill Leachate to Electricity Using Microbial Fuel Cells
	Hydrogen Production from Dairy Manure
	Methane Production from Anaerobic Co-Digestion of Dairy Manure and Food Wastes
	Optimizing the Size of Anaerobic Digesters
	High Rate Anaerobic Digestion (a case study)
	High Rate Anaerobic Digestion & Nutrient Recovery from Particulate Slurries
	Anaerobic digestion of liquid dairy manure using sequential continuous stirred tank reactors.
	Biochemical conversion of herbaceous biomass for biogas production

	343  Bioprocessing for Value-Added Products
	Application of non-chromatographic methods in recombinant protein purification from transgenic plants
	Effect of Rice Extract Impurities on Human Lysozyme Purification
	Correlation of Process Parameters to Foam Properties in a Foam Fractionation Column Using Polarized Light Scattering
	Ethanol Production as affected by Sorghum Chemical Composition, Chemical Structure and Physical Properties
	Ethanol Production from Pearl Millet by Using Saccharomyces cerevisiae
	Production of Three-Carbon Compounds by Metabolically Engineered Escherichia coli
	Lactic acid production from cheese whey using free cell of B. Longum
	Pelletization and Associated Strategies for Improving Fermentative Production of Lactic Acid by Filamentous Fungus
	Semi-Continuous Production of Lactic Acid from Cheese Whey Using Integrated Membrane Reactor
	LED light penetration and intensity quantification for algae growth in a photobioreactor (PBR)


	EDUCATION, INTERNATIONAL & OTHER AREAS
	122  Innovations in Education Part 1
	Assessing perceptions of education: a case for increased interdisciplinarity
	Assessing students' learning and decision-making skills using improved computational tools
	Engineering education and public policy in the wake of hurricane Katrina
	Recruitment and Retention of Agricultural and Biological Engineering Students
	Teaching General Education in Agricultural and Biological Engineering
	Teaching to Learning: Shifting the Model
	Prototyping of Learning Objects for Engineering Education

	123  Soil and Water Protection in Forest Operations-Part I
	Soil and Water Protection in Appalachian Watersheds
	Protection from Erosion Following Wildfire
	Forest Road Management to Protect Soil and Water
	Using WEPP Technology to Predict Erosion and Runoff
	Erosion From All Terrain Vehicle (ATV) Trails on National Forest Lands

	124  Approaches for Introducing Ethics Education into Undergraduate and Graduate Curricula
	Teaching Research Ethics at Land Grant Universities
	A Three Tier Approach to Ethics in an Engineering Curriculum
	Engineering Ethics Course at North Dakota State University
	Results of an Alumni Survey on Professional and Ethical Responsibility
	Stephen Sharp, A Case Study for Teaching Ethics in Ag and Bio Engineering
	Using Case Studies to Introduce Situations Requiring Ethical Decisions

	142  Innovations in Education Part 2
	Adopting technologies with the help of a Grower's TEAM
	Instructional Activities Designed to Improve Basic Knowledge for Technical Systems Management Classes
	From Precision Agriculture and Precision Forestry to Biomechinfotronics
	Faculty and Industry Partnerships through Sponsored Research and Design Projects Targeted to Enhance Undergraduate Education
	Writing Assignments for an Internship course
	Assessing workplace competencies in engineering and technology internships

	143  Opportunities in Non-Agricultural Rural Economic Development for ASABE Members (Invited)
	144  Soil and Water Protection in Forest Operations
	Stream Crossings to Protect Water Quality
	Soil Property Changes during the Loblolly Pine Production
	Erosion Response of Two Select Soils in Alabama to Clearcut Harvesting
	Field Performance of Long-Strand Wood Erosion Control Mulch and Agricultural Straw Under Natural Rainfall Events

	224  Innovations in Education Part 3
	Basic Topics Education Applied to Agroforestry Area (2005)
	Design of electrohydraulic experimentation systems for undergraduate education
	Developing Active Learning Activities for Introductory Java Programming Course
	Development and Testing of a Variable Rate Sprayer for Use in University and Extension Education Programs
	Introducing Undergraduate Students to Finite Element Analysis

	226  Extension Methods for Environmental Quality
	Regional Watershed Academies in the Southeastern USA
	Certification Training for Erosion and Sediment Control on DOT Projects
	Strengthening Watershed Management in Indiana
	Watershed Management Research, Education, and Outreach Program: the Center for TMDL and Watershed Studies at Virginia Tech
	Extension Stormwater Programs for Urban & Suburban Audiences
	Sensors and Samplers for Irrigation Water Quality and Quantity

	244  K-12 Engineering Instruction Development
	Introducing Middle School Students to Computer Modeling
	Non-Server Web-Based User Interface Design of Interactive Agricultural Safety and Health CD for 4H
	Renewable Energy Workshops for Middle and High School Students
	High School Water Quality Monitoring Education

	245  Successful Multi-State Extension Programs
	Team Conservation Tillage - Promoting CT through Partnerships
	Conservation Tillage Training for Georgia's County Agents
	Development of an Operation and Maintenance Service Provider Training Program
	Installation of a Remote Pond Waterer: An Educational Focus Event
	Implementing Odor Footprint Tool Output Resources into the Planning and Permitting of Livestock Facilities
	National Learning Center for Animal Agriculture Water Quality Issues

	246  Biomass Fuel Reduction and Utilization
	Perspectives on Woody Biomass Fuel Value and Specifications in Alabama
	Perspectives on Woody Biomass for Value-Added Uses in the Western United States
	An Integrated Approach to Fuels Treatment in the Southwestern U.S.: The Harvest Cost-Revenue Estimator
	Modeling Infiltration Under Wood Byproducts Used For Erosion Control
	Large Rectangular Bales for Woody Biomass

	247  China Exchange: Vision Philosophy and Road Maps
	248  Development & Transfer of Sustainable Technologies for Developing Countries
	A water balance approach for investigating precipitation capture and water storage of conservation practices in Mali
	Development of Portable Tools with Optimum Configuration for Cutting Sugarcane
	Developing Software for Technology Transfer to Developing Countries
	Community Participation and Partnerships for Rural
	Design for Multi-lifecycle: A sustainable design concept applied to an agro-industrial development project in West Africa
	Use of electronic devices on tractors in Turkey
	Gender issues in relation to livestock buffaloes rearing in India
	Wind Power in China: Social Acceptability and Development of a Domestic Manufacturing Industry
	Agroforestry and Sustainable Vegetable Production in Southeast Asian Watersheds
	Potential of Refractance Window Technology for Value Added Processing of Fruits and Vegetables in Developing Countries


	THE NEXT 100 YEARS
	Special Session Tuesday Morning-July 11- The Next 100 Years -
	A Conceptual Framework of How the Next 100 Years will Impact the World and the Agricultural and Biological Engineering Profession



	Help
	Print
	Search
	Exit



