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seed size, and consistency of seed size in some of the sites 
and years of their study. Thus, both seed population and 
seed spacing at planting time have effects on the harvested 
seed yield and seed size. Examples of studies conducted to 
determine the effect of plant population on seed quality 
include projects by [5 & 6]. Both studies found that specific 
plant populations provided maximum yield depending on 
test location. Both studies also showed that seed size 
generally decreased as plant population increased. 
 
Several researchers have published results from 
comparisons of planter models, field speeds for seed 
spacing accuracy as delivered by the planter. Mollanen et 
al. [7] compared four planter models on a grease belt test 
stand, each with several options, at three field speeds with 
three seed sizes, for a ‘planter index’. They found that seed 
spacing accuracy differences is among planter models, 
among options within models, among field speeds, and 
among seed sizes. Allen et al. [8]  also found differences in 
seed spacing accuracy caused by planter model, seed size, 
and field speed. Panning et al. [9] used the opto-electronic 
sensor system for laboratory evaluation of the seed spacing 
uniformity of a John Deere 71 Flexi-planter, a John Deere 
MaxEmerge II planter, and a Kleine Unicorn-3 planter. 
Each planter was operated at simulated planter travel 
speeds of 3.2, 5.6 and 8.0 km/h while planting regular-
pelleted sugar beet seeds with a target spacing of 15 cm. 
They commented that tests in the lab using the 
optoelectronic sensor system allowed the planter 
performance to be determined quickly, and with less 
variation than that obtained from field testing. Y. Lan et al. 
[10] concluded that within the error range caused by the 
elevation difference between the opto-electronic photogate 
sensor and the grease belt, the seed spacing data obtained 
from the two systems were not significantly different. The 
opto-electronic system can be used instead of a grease belt 
test stand to obtain rapid quantitative laboratory evaluations 
of planter seed spacing uniformity. The optoelectronic 
sensor system, with 3 mm diameter LEDs and 
phototransistors, worked well to obtain 508 seed spacing's 
for regular-pelleted and mini-pelleted sugarbeet seeds and 
pelleted chicory seeds. The opto-electronic system missed 
two seeds and detected two phantom seeds out of 170 seed 
spacing's with medium- encrusted sugarbeet seed. 
 
The importance of seed monitoring system is meant to 
observe seed population planted by each planting or 
dispensing unit, as well as by the planting machine as 
whole. In the typical planting operation, a number of 
planters, (each has a hopper for containing seeds and a 
chute which extends near the ground) are pulled by a 
tractor. If one or more of the planters becomes inoperative, 
it is apparent that unless the tractor operator is aware of the 
malfunction, a crop deficiency will result. It is not possible 
for the tractor operator to control the tractor and at the same 
time watch all of the planter units. It is therefore very 
desirable that the tractor operator be able to monitor the 
output of the planters and simultaneously control the 
tractor. Many types of seed monitoring system had been 
designed, developed and patented. According to 

Schenkenberg [11], indicating system had been proposed 
whereby the tractor driver could watch flashing lamps 
which were supposed to indicate whether the planters are 
operating properly. These indicating systems generally 
utilized a sensing device comprising a mechanical switch, 
which is actuated as a result of physical contact thereto by a 
seed passing through the chute. Such an indicating system 
is disclosed in the US patent to J. D. Young, No. 2,907,015, 
issued Sept. 29, 1959. However, the mechanical switches 
that are used must be highly sensitive, and serious problems 
with such switches have occurred by reason of dust and 
moisture getting into the switches and causing a 
malfunction. The US patent to Fathauer et al. [12], a 
Wireless seed detecting and monitoring apparatus includes 
one or more transmitter units mounted at the seed planter 
and a receiver unit mounted in a monitor console located at 
remote location. Seeds being planted produce a signal 
which modulates an r-f transmitted signal during the 
planting operation .A receiver is responsive to the r-f 
transmitted signal and detects the modulated signal 
information corresponding to seeds being planted. This 
detected signal is then delivered to monitoring circuitry to 
indicate the operation of the seed planter. The US patent to 
O'Neall and Borovec [12], a standalone monitoring 
apparatus is provided for monitoring a plurality of 
selectable functions of an agricultural planter. This includes 
a plurality of seed sensors, each associated with a 
corresponding seed dispensing unit and generating a seed 
signal representative of the depositing of a seed by the 
memory .the monitoring apparatus is intended to monitor 
signals from up to 16 seed sensors.   
 
The overall objective of this study was to design, develop 
and test an opt-electronic monitoring system for assessment 
of mechanical planter seed metering unit performance in 
the laboratory. The works involve: 
 

• To design and develop monitoring system which is 
comprised of an opt-electronic sensor, encoder, 
microcontroller, amplifier, and computer 

• To evaluate the performance of the developed 
system based on monitoring seed flow and 
measurement of seed spacing. 

2. MATERIALS AND METHODS  
 

2.1 Test Platform 
 

A Mechanical crop planter (4 rows, ATESPAR, Turkey 
brand assembled by GIAD Company in Sudan) with 
fertilizer application facility was selected as the test 
platform (Fig. 1.a).  It is adjustable setting for both of 
interrow and overrow. Assembling the machine to the 
tractor is done through the use of the three hitch point 
(linkage) system. Able to sow seeds like: chickpea, bean, 
kidney, maize, nuts, sunflower, pumpkin cereal, melon, 
watermelon, soybean, pea etc.  
  
The planter metering mechanism includes horizontal seed 
plates for metering seeds. Cells along the periphery of the 
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plates were sized to match the seed dimensions, so that only 
one seed could fit in each cell. As each cell passing the seed 
tube, a spring-loaded knockout device would push the seed 
into the seed-tube. Plates were easily replaceable (Fig. 1.b). 
The transmission system (consists of a series of chains, and 
gears) used to apply variable speeds to the seed plate to 
give the desired seed spacing. 

 
2.2 Test Seeds 

Chickpea seeds (Cicer arietinum, L. Fam. Fabaceae) were 
used for this study. Seeds used for the experiments were 
sorted and graded using sieves.  The seed diameter is 
between (3.18mm and 9.52 mm) and the average seed 
weight was 23g/100seeds. 
The opto-electronic monitoring system consisted of 
optoelectronic sensor for seed detection, Encoder for 
forward speed and seed position measurement, amplifiers 
for adjusting sensors signals to the microcontroller, 

microcontroller to synchronize sensors signals, and a PC to 
operate the program and monitoring the system (Fig. 2).  
The experiments were carried out using mechanical crop 
planter (4 rows, ATESPAR, Turkey) coupled to an 
alternative current motor (220 Volt, 0.4 kW) via gearbox 
having two speeds of 1.3 m/s and 1.9 m/s (Fig. 3). The 
integrated system collected multi-sensor data and store the 
information in database. The different components and how 
they were integrated are described in the following sections. 

 
2.5 System Components   

Opto-electronic Sensor: The Opto-electronic sensor 
(OMRON Corporation, Japan) used in the system was a 
Digital Fiber Sensor E3X-DA-S This unit is used to capture 
the seeds as they exit from the drop tube. The sensor is 
applying sensing distance of 1300 mm and the sensing 
width is 30 mm. Fig. 4 illustrates the Opto-electronic sensor 
fiber head while Fig. 5 illustrates the Fiber Head connected 
to the seed tube. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure. (1). (a) Tested Seeder (Model ATESPAR, GIAD, Company), and (b) Seed metering mechanism 
 
 

Rotary Encoder: The rotary encoder (Model E6B2-
CWZ6C, OMRON Company, Japan) used in the system to 
detect position and speed of the travel wheel which utilized 
to calculate the in row spacing between the planted seeds. 
The selected rotary encoder has a wide operating voltage 
range of 5 to 24 VDC and resolution of 200 PPR 
(pulses/rotation).  
The shaft of the rotary encoder was connected with a chain 
gear in the travel wheel, via the extended shaft in the gear 

and coupling (Model E69-C06B, OMRON Company, 
Japan) as shown in Fig. 6. 
Microcontroller: To integrate the functions of the system 
components an Atmel ATMega16L microcontroller was 
used. It has a digital supply voltage, and four ports (A, B, 
C, and D). A port serves as the analog inputs to the A/D 
Converter and also serves as an 8-bit bi-directional I/O port. 
The C-language software program was used as an easy way 
to implement communication with both sensors

. 
 

 
 
 
 

(a) (b) 
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Figure (2). Block diagram opto-electronic monitoring system 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 

      Figure (3).  (a) Experimental setup, (b) AC motor coupled to transmission system 
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