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introduction 

As site specific nlanagement or precision fiir~~iing gains acceptance ~vith the agricultural producer, thc 
question remains: '.Where do I begin?". As technolog crcates and makes available new machines for the site 
spccific environment: ''Ho\\r do they fit into the picture?". As thc yield monitor has becomc t l~c most popular and 
acccpted of these technological innovations for tl~e agricull~~ral producer, \ifhat rolc does it play in the sitc specific 
management concept? Wllat is site spccific man;igemcnt and tvliere does the yield monitor f i t  in. the beginning or 
the end? 

Site specific manage~iient has bccn dcfined as "a iiian;igelnent concept which rccognizcs variability within the 
soil and crop environment and maxiniizcs economic production while rnininiizing environmental impact for a 
specific location (Knll 1991)". It is important 10 point out Illat site specific management is a management concept. 
a process, not a piece of technological equipment. The yicld  non nit or docs not encompass sitc specific managcment 
but is a technological tool that provides inform:ition for sitc spccific managemcnt. Sitc specific managemcnt 
afTccts the wag an agricultural producer makes decisions tl~rough the use of information. Agronomic production 
agriculture will enter tlie information age througl~ site spccific management and tlic yield monitor will provide a 
portion of this information. Yield monitor data creates pcrformance maps and enters along \vith other collected 
irlforrnation into the data collection portion of tllc Site Specific Managanent Flo\vcliart. 

Sitc Sl~ccific hi;~nagemcnt 
Krill 1995 

Yield Monitoring Process 

Yield monitoring has been defincd as "the lricasurenienr of the hawested portion of a crop over space and time 
and tlie sunin~arization of those nieasurernents in a grapliical map form (1991, Pierce)". Is i t  possible for a 
corribinc or any device to measure yield? Not directly, yicld is tlie result of a mathematical calculation using 
several measurable components. Yield is a calculation b;~scd upon the aniount of commodity, tlie area from whicli 
thc cotnmodity was gathered, and information rclatibe to tlic commodity. Liketvise, yield monitoring is not a 
simple operation but a complex task requiring matl~ematicnl co~nputations and geographical positioning. This a s k  



\+ill probably be coniplctcd both in the combine during Ilnrvest and in the ofice follo\ving importation of hamest 
data. 

At the combine, the machine must complete five specific components: 1)grain flow. 2)grain moisture. 3)grain 
type, l)ara? covered. arid 5)location. Grain flow can bc mcasurcd wit11 paddle wheel. impact. light, magnetic, 
radiation. or wfeight type sensors. The inipact hpe sensor is the riiost popular in the U.S. market and measures the 
mass of grain being thrown at the sensor located at tlic top of the clcan grain elcvator by thc clean grain elevator 
paddles. The result of this sensor is a Ineasurclnent of mass per unil time (i.c.: Ib./sec). Grain moisturc is 
commonly mcasured as a perccntagc and is the rcsult of tllc clectrical continuity of the grain as it passes between 
the negative and positive portions of the sensor. This measurement is generally taken on the clean grain as it 
passes bct\tvccn the cleaning portion of the combine and tile grain tank. The third component, grain information 
including gpe and tcst weight, is critical to thc yield computation and even with all the sopllistication of the yield 
r~ionitor is left up to tlie operator to manually input. Area covered is measurcd in area per unit time (i.c.: in2/sec) 
and is the result of distance traveled, measured through Differential Global Positioning Systcm (DGPS) or the 
combine's transmission or ground radar systems, and swath width as imputed by the combine operator. The final 
component is location and it is responsible for putting thc puzzle of information bits back togetlicr into a field to 
form a map. This is co~n~iionly left up to the DGPS. ho~vcvcr it can bc done mccl~anically. 

Thc yield monitoring system at the co~iibine is reasonably effective but it does have some inhercnt problems. 
The yield monitor is a sopllisticated piece of equipment and is only as good as its installation. calibration. and 
coliibine operator. Poor installation can result in improper sensor operation. A wrong calibration table can cause 
distortion on any mathematical calculation. A ~najor challenge facing the combine operator when operating a 
grain platfonn is to accurately detcnnine and ~llaintain a consistent wid111 of cut or swath. Failure to maintain this 
consistency rcsults in solne yield monitor error. Tllc yicld ~nonitoring proccss collccts information at various 
points throughout the combine's activities of gathering. thrcsliing. scparating. and cleaning of grain. All of these 
processes take time, so time lag considerations ~iiust bc factored into the equations. Secondly, the combine has 
been designcd to be a smoothing machine and attempts to maintain an  even continual flow throughout the 
machine. This smootlling can liidc some of tlic variation tliat may bc occurring in tlic actual licld. The time lag 
factor and smoothing factor do cause the yicld  lioni it or considerable cllallenges as the conibinc enters into and exits 
from the grain hanest as it commonly does during turning at each end of a ficld. A yield nionitor is much more 
accustom to operating under continual conibinc load like nonnally prcsent when traveling through a ficld 
harvesting. Finally, a co~nbine niay bc unable to remo\vc some foreign matter fro111 the clean grain flow that can 
affect the performance of tlie sensors. This ~llaterial can cause false rcadings because of estra material, different 
cl~aracteristics from the actual grain, or by leaving residues on tlie scnsors. Witli tliese inherent problems, it is 
important to realize that a yield monitor is not pcrfcct and ~nusl be uscd within its capabilities. 

The accuracy of yield monitors is an important question. To detennine accuracy one must first identi@ the 
spacial realm in which to measure. Three conlriion realrns are ~dentificd as field. strip. and spacial. Field accuracy 
is \\!hat is commonly rcpol-ted rcgarding yield monitors. Ficld accuracy is detcnnined by comparing the total 
~iicasurements compiled over an entirc field for both actual and estimated neiglits. Actual measurements would 
coriimonly be the sum of all net \veights from weigh tickets for that ficld as the grain was takcn to market or 
storage. Estimated \veiglit would bc the sum of all calculations perfonncd by the yicld monitor for that given field. 
Advcrtising clairns. field tcstimonials. and unpublished rcsearch indicate that this measurerncnt of accuracy is 
coriimonly under 5% and probably in the 2-3% range or less. These claims makc no reference to spacial accuracy. 
The second measurerncnt of accuracy of coninion concern rclates to accuracy for a strip of grain. This is of 
concern because much of tlie on-far111 rcsearch elTorts arc geared around strip trials. In a poster presentation (Krill 
1996), it was indicated tliat tlic AgLcader 2000 yield monitor was found to do a rcspcctable job of estimating tlie 
quantity of grain lanestcd in two years of strip trial data. (see appendis for actual rcsults) I t  was concluded that 
tlle yield monitor can be a beneficial tool in strip trial research providcd the tcst was designed \trithin the 
capabilities of the yield monitor and thc yield nionitor ivas properly inslalled and calibrated. Again. this study 
made no clairns as to spacial accuracy of the nionitor. The final book on yield monitoring accuracy has not been 
written. As stated in Fran Pierce's definition (1991), yield nionitoring is the "hanvsted portion of a crop o\er 
space and time". Yet, little ifany rcsearch is available rcgarding the spacial accuracy of yield monitors. Spacial 
accuracy relates to the yicld monitors capability to propcrly calculate tlle crop yicld at a specific point in the field. 
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Current data only relates to the accuracy of the yicld nionitor over large arcas knotvn as fields. or still relatively 
large arcas known as strips. The accuracy of the yield  non nit or to a small area or point is still unknown. 
Additional efforts are needed to bettcr understand this spacial relationship with the yield nlonitor. 

Yicld monitoring does not cnd in the coniibinc but continocs back into tlic office. Data takcn from the combine 
must be recovered, transformed. stored . processed. and placed into a graphical map representation. Because of the 
quantity of data involvcd in yield monitoring, all data will be handled electronically through the use of a computer 
system. Data can be rccordcd at the combine on either ti~ne based or distance based inten7als. Accuracy appears to 
not be greatly compromised as ti~ne iritenlals are incnascd beyond 1 second to 2 or 3 seconds: however, cornbined 
data can never be separated latter for additional analjsis. Data will most generally be transposed into some 
cornnion linear representation (i.e.: ASCII comrna deli~uited). Data collected at the conlbine are generally 
transferred to the office through thc use of a PCMCIA card. Tllcse cards are available in various sizes of both 
SRAM and ATA types requiring tlie use of a card rcadcr and drivers to recover the data and enter it into the oflice 
computer system. This appears to be a simple proccdurc but conflicts bct\veen PCMCIA cards. card readers, and 
computer components can exist. It is important to regularly backup data recorded in the combine by transferring it 
into the ollice computer system. Thc officc computer sllould also practice a sound backup procedure to protect the 
valuable data. I t  is also important to check the qualily of the data collected by the conlbine so adjustments can be 
made if discovered necessary. Remember. as an i~gricultural produccr there is only one chance to rccord harvest 
and it cannot bc redone if a proble~n exists. Often, the only \\lay possible to examine this data is to transfer it to the 
ollice computer. Data are generally recordcd in ;I proprietary format in the combine which must be transformed 
into a uscable fomiat through the use of sonivarc providcd by the yicld nionitor provider. 

Thc storagc, processing, and In;ip gcncralion portion of yicld monitoring is turned over to thc Geographical 
Information Systcm (CIS). This computer bascd sysrcln is simply a filing qstem where information is filed by 
gcographic position (longitude, latitude) ratller tll:~n thc common alpl~abetical method. Most systems also provide 
for the storage of the original rawr data fro111 the conlbinc yield  non nit or. This is important because if for analjs' IS or 
otllcr purposcs a producer tvould be required to change CIS systems. Oncn, the data must be imported into the 
new system in its original format. CIS systcms generally do not readily share or transpose data with other systems. 
The GIs is coniposed of a database to store numerical or character data and a geographical base to store points, 
lines, and regions. Together the database ;~nd gcograpllical basc nil1 store thc information and make it available 
for analysis and map gcneration. Within the CIS there are potentially many la~ers  of information each filed under 
a specific geographical position. Witllin analysis, i t  is possible to perfonn calculations across a given layer of 
information or through layers of infonnation at a given geograpllic location. The results of any single layer or 
analysis can then be represented througll the crcation of a geographically correct map. 

Yield monitoring pro~idcs information to incorporate into the decision making process. When using 
infonnation i t  is important to reme~nbcr thc proccss tllrough wllich the data were collected. In interpreting yield 
maps, the final result of yield monitoring, look for trends in the data and realize that the csact spacial accuracy of 
tlic map is unknonn. Do not get consu~ncd by absolute positions and remember the inhcrcnt problems facing the 
yicld nionitor. Make comparisons on areas and stay attentive to trends. Look for lines in the map. Look for 
pockets of eithcr exceptionally good or poor. Pay attention to patterns appearing in the map that may be 
attributable to an agronomic practice. Be cautious of visual prcsentations on the maps. Understand the legend 
responsible for creating the map. Involve people \vho know tlic field and crop experts. Finally. before drawing 
conclusions. re-examine the data that created thc Itlap. Yicld nionitoring will probable not annver any particular 
question but it \\ill create more questions as to the crop production environment available for a crop in a given 
ycar. Yield monitoring is going to provide tile agriculttlri~l producer \\3tli information. not any direct economic 
return. The economic return from yield ruapping must be found through using the infomlation to make better 
decisions using the site specific management process. Yicld nionitoring is nothing more than an information 
generator for the decision making proccss. 



Yield monitoring is a popular portion of the emerging agricultural production management system known as 
site specific management. As individuals become involved in yield monitoring it is important that they remember 
dle place of yield monitoring in the site specific nianagement system. Yield monitoring is merely a data collcction 
device that can produce information. Yield monitoring is neithcr the beginning or the end of the site specific 
management process but an important data collection component. The site specific management process is a 
continual process revolving among data collection, decision ruaking, and application control. Agronomic 
producers also n d  to realize that the process of crop growth and development is a comples subject. A subject that 
is controlled by many variables and the interrelationships between tlicse variables. Yield provides an evaluation of 
the entire process and in most situations die result is not the symptom of one single event but thc compounded 
effect of nun!: situations throughout tile growing season. Some of these situations the agricultural producer may 
have control over but many of them arc purely an act of nature. When implementing new site specific 
managelnenl practices, select situations \vliere tllc grower can have an effect, and focus on corrective management 
practices. The concept of site specific ~nanagcrncnt is developing so encourage producers to participate cautiously 
and realize thal much of the book is still being writren on site specific management. Be alert to change. and 
remain commitlcd to the learning proccss. O n l  tl~rougll tirne. esperience. and rcscarch nil1 we learn how to 
masiniize the potential of site specific management. 
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Appendix: 

graphics from the poster presentation: 

Effectiveness of AgLeader Yield Mollitor for Evaluation of Varietal Strip Data 

Dr. Thomas L. Krill 
31d International Conference on Precision Agriculture 

Bloomington, Minnesota 
June 1996 
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