Robotics and GPS/GIS in 4-H: Workplace Skills for the 21* Century

Surfacing Land Measurements

Ground based sensors play a key role in Agriculture. Light reflectance sensors could be used to
monitor the canopy color, which is an indicator of nitrogen supply. If nitrogen or other nutrients
are low, crops may express differences in leaf color. Plants usually become yellow and stunted,
with smaller than average flowers and fruits. In this activity a ground based robot with light sensor
is used to track the light reflectance in different spots in an exercise area.

Explorer’'s Guide

Before You Start

In the picture below, fill the X, Y, Z (color) values in the table below using the example for pointl.
Use the color chart to find the Z values.
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X Y Z (Color)
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Learning by Doing

1. While out in the exercise area, plan how to take at least 7 on the spot measurements spread
around the field.

2. Goto point# 1 as identified by the instructor and record your waypoint using GPS receiver.

3. Once the waypoint is recorded take on the spot light reflectance using the robot light sensor.

4. After taking on the spot measurement in point # 1, move to point # 2 and take the
measurements there. Move on to the next point when done. For every point, keep in mind to
record the location as a waypoint using GPS receiver and also take on the spot light
reflectance using the robot.

5. Using DNR Garmin and ArcGIS software, download GPS coordinates and enter
corresponding light reflectance measurements using either provided data (step 15) or actual
exercise area measurements.

6. To Download GPS Coordinates using DNRGarmin and ArcGIS software follow the steps
given below.

a. Connect your GPS receiver to the using proper connecting cable.

b. Turn on the GPS unit and assure proper interface setting (GARMIN).

c. Start ArcMap and DNRGarmin software. Click GPS > Open Port to connect to
the GPS receiver (make sure the receiver is connected to the proper port).

& MN DNR - Garmin
File Edit§ GPS ) Waypoint Track Route Real Time Help

Rino 110 Software ¥ersion 3.80 YERSMAP Worldwide City POI 1.00
Lat 40.82879752Lon -96.66882589

Alt EFE s3> Data Table >3
Connected Projection: NADS3 - UTM zone 15M

d. In MN DNR - Garmin use Waypoint > Download to access all the waypoints
collected. Use delete button to delete unnecessary waypoints after selecting
them. You could edit your waypoints in DNR software or later using ArcGIS
software which is given in the next step.
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& MNDNR - Garmin

File JEdit GPS Ty Track Route Real Time Help
Rino 110 Software ¥ersion 3.80 YVERSMAP Worldwide City POI 1.00
Lat 40.8287975: on -96.66882589
Alt EPE <<< Data Table <<<
i+ \Waypoaint i Track ™ Route i RTimewpt
B tupe ident lat long y_proj -
1| waAYPOINT 001  25.06199558| 121.64024329| 99652809.1263542
B 2| wAYPOINT 011] 40.7378BE61| -96.B9291EBE| 4516220.85242411
3| wWAYPOINT 012] 4073701115  -96.69917132|  4516148.16315911
+ 4| wWAYPOINT 013] 40.73703462|  -96.69912337| 4516150.59837185
5| wAYPOINT 014 40.7356E904| -9E.69774958| 4515594.07115686
m B|wAYPOINT 015 40.73702958| -96.69917132| 4516150.21071816
7| wAYPOINT 016 40.7356B611| -95.697B5880| 4515534.13487959
Q 8| wAYPOINT 017 40.73563837| -9E.69778948| 4515590.80772386
9| wAYPOINT 018| 40.73565873| -95.69778948| 4515593.06847694
10 wAYPOIMNT 019 40.7356B644| -96.B977B629|  4515993.9132238
» 11 [ wravPrinT nonl An7wereRl  arrareoatal ARTANDT AGRART
Connected 0 of 56 Selected

e. Save waypoints as an ArcView shapefile. Close DNRGarmin software.

7. Open the downloaded shapefile (Waypoints.shp) in ArcMap. Right click Waypoints.shp and
open the attribute table.

8. It is time to do some attribute editing. If using example data skip this step as the data is
already edited for you. With the attribute table open as indicated in the previous step click
Editor > Start Editing. Delete any unwanted rows or columns. To do this select the row and
right click to delete it. You can also freeze the columns by right clicking the unwanted
columns. Your table should be as shown below.

B Attributes of Waypoints

| D | Shape*' | LAT | LONG ALTITUDE |
[ . 41.026637 | -96.253554 350
| 1]|Point 41.026397 | -96.253733 348
| z[Point 41.025405 | -96.252521 351
| 3[Point 41026085 -96.25329 357
| 4[Paint 41.026253 | -96.252777 352
| | 5[Paint 41.026425 | -96.251993 351
| &[Point 41026606 -96.25298 355

Record:ﬂj 1 jﬂ Shiow: W Selected ersj

9. Now you can enter the light reflectance values given in step 15 in the table. For this open
ArcCatalog and right click waypoints.shp to get the shapefile properties. You will not be able
to do this if the file is open in ArcMap. Click the Field tab to add a new column named
Light_Refl. Note that there should be no space while nhaming fields. Choose the data type as
shown below. Click Apply and Ok.
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Shapefile Properties

General] Wy Coordinate System  Fields ] IndeHes]

Field hame | Data Type |~
_|FID Object ID
_|5hape Geometry
_|LAT Double
LG Double

ALTITUDE

Light_Ref|

Click any field to see its properties,
Field Properties

Precision u]
Scale u]

[ s

To add a new field, byvpe the name into an empty row in the Field Mame column, click in
the Data Tyvpe column to choose the data tvpe, then edit the Field Properties.

cancel |(CEE)

10. Preview the table in ArcCatalog.

l ArcCatalog - ArcView - C:\4HGIS\Surfacel andMeasureme nis\Data\Waypoints.shp

File Edit Yiew Go Tools ‘Window Help

& 53 x 8@ O N
Location: |C:\4HGIS'\SurfaceLandMeasulements\Data\Waypoints.shp ﬂ

Stylesheet: &

X Eontentsl Preview 'ﬂetadata]

D Direckion ~
(1 FieldMapLayout | LAT | LONG ALTITUDE Light_Refl
(23 ImageGeoreferencing (3 41 026636592 -96.25355431 Fa0 Jul
(3 Interpolation | 41 0263967 96 25373251 348 i
D MapCustomization J 4102540495 -96.25252074 31 o
(2 MapDigitizing J 41 02605545 -96.25325969 3487 o
{2 MapPrinting J 41 02623265 -96. 25277659 352 o
D SensorLoglnvestigation J 41 02642452 -96.251993 35 Ju]
(3 saiMapping B 41 M2EE0633 -8 25293005 355 i
23 surfacelandMeasurements
-] Data

Waypaints,shp < 3
23 vieldMapping " ] -
AHGISHelp 2 Record ﬂj 1 jﬂ Show WQ Records (of 7) J
r 3 Freview: I Table - '

Shapefile selected

11. Close ArcCatalog and Open ArcMap to enter the values in Light_Refl field using the Editor
toolbar. Start editing and double click to enter the light reflectance values.
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Attributes of Waypoints |’._||E|rz|
FID [Shape'| LAT | LOHG | ALTITUDE | Light_Refl |

| 0|Paint 41.026637 | -965.253554 350 5

¥ 1 |Poirt 41026397 | -95 253733 343

| 2[Paint 41.025405| -96.252521 351 a

| 3[Paint 41.026088| -96.25329 357 1]

| 4/[Paint 41.026253 | -96.252777 352 0

| 5[Paint 41.026425| 965251593 351 o

| &[Paint 41.026606| -96.25290 355 0

Record:ﬂﬂ 2 jﬂ Show: W Selected Recordsj

12. Remember to save your edits.

% Untitled - ArcMap - ArcView

Ele Edt Wew Insert Selection Tools Window Help

DSE& « 2@87 v | F|[fTE o (4] & @O K gosferencng v | oo [ ] Cle
prawing = K 04 O] A = 2 |[lg) Al At < B 710 Av & v v =~
FE DT @eE ED kO S  menae v y o| e L B E @ @
Edtor * | & | # = Taski | Create New Feature | | Target: [wayponts = | E Gegstatistical Analyst +
Laver: [ waypaints 5o |2 = e T s B o |E &

x =
= £# Layers e nl

El Attributes of Waypoints E“EJE] 63

FD [Shape'| LAT | LONG | ALTITUDE | Light Refl
0Font | 41026637 | -96.253554 | 350 35|
1 |Poirt 41026397 | -96.253733 348 E:]
|| 2lpomt | 41025405 -oe2s2sa1 | 351 22
|| 3lPont | #1oze0ss| 96285328 ) 387 El
4 Foirt 41026253 -96.252777 352 | 5
I 41026425 06251993 351 20

b 6|Port | 41.026606| -95.25098) = |

records 14 ¢ 7 r|m|  show[Al selected | Records ~ |

Display | Source | Selection @O I’J—

226601.827 4546710.236 Meters

13. Now interpolate the light reflectance data using the interpolation technique (Step 15) as
discussed in activity 28. An example of the interpolated map is given below.
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% Untitled - ArcMap - ArcView

Fle Edit Yiew Insert Selection Tools Window Help

[ = = B 5 + 1= | F & & O K? | spatialgnalyst v | Layer: |IDW of Waypoints - B I
Drawing | R O~ A~ 0] Aial A0 <] By Av dv Fr o~
[CROB-HIRGAT KR R @M .25 B 7 spandyst v | Layer [IDW ot wagpoints EretE S ®
Editor > Tasks [Create = | | Gegstatistical Analyst ~
Laver: [ waypoints - Py R T | @ (@ K ; 1 1| &l
% = |
.
*
= M IDW of Waypoints
I 20.02626801 - 23.34540431
[T 23,34540432 - 26,66454061 *
[ 2666454052 - 29,98367631
[]29.98367692 - 33.30281321
[133,30261322 - 3662194951 ‘ 0w
[ 36.62194952 - 39,94108582 i >
[ 3954108583 - 43,26022212 y 4
[143.26022213 - 46, 57935842 W B
[146.57935843 - 49,89849472 ) . b
z
"%*.
—_
Display | Source | Selection @0 & un g ‘ ’I

226622761 4546796685 Meters

14. In case of inclement weather use the example data for doing this activity. An example data is
given in a file named waypoints.shp. Write down the corresponding light reflectance value in
your dataset for each point as given below.

Light Reflectance
35
39
22
50
25
20
32

N0 WIN|(F-

How Does It Work

It is hard to go out to the field and take measurements in every location. So measurements are
taken only in few locations within the field. It is important that these locations should be spread
around the field. Interpolation technique is then applied to get the measurement values through
out the field.

Interpolation is performed in many areas. Example the weather data in mid US region is obtained
from 9 weather stations located in that region. The weather data is then interpolated to get a
weather map of the entire mid US region.

Optical sensor measurement has a great potential in crop production. For example, nitrogen
management was made possible initially by the chlorophyll meter. However, a chlorophyll meter
is time consuming to use correctly and it is difficult to accurately scout large acreages. More
recently research has focused on the use of either passive or active vehicle mounted sensors for
real time nitrogen management. Passive sensors rely on canopy reflectance from the sun, while

Activity 33 6



Robotics and GPS/GIS in 4-H: Workplace Skills for the 21% Century

active sensors use their own light source. Passive sensors must be used during daylight hours
and factors influencing canopy reflectance from the sun such as clouds and solar angle may
influence spectral data. Active sensors are designed to cancel out solar influences, relying solely
on reflectance from the internal light source, and thus can be used anytime, day or night,
regardless of cloud cover. Active sensors use vegetation indices to determine canopy chlorophyll
status and thus nitrogen status. It is recommended to compare at least 3 years of yield map to
study the varying nitrogen rate within fields.

Additional Challenge

Use the robot to measure the height of grass in a designated lawn. Use a stick to assure constant
distance between ultrasonic sensor and ground. In every location, subtract the distance
measured from the known length of the stick to obtain the height of grass.

Vocabulary

Waypoint is a recorded set of coordinates (longitude latitude and sometimes elevation)
associated with a given name and a symbol that relates to a specific location around the world.
Nitrogen is a chemical element that has the symbol N. Crops grown with inadequate nitrogen
produces a poor yield.
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